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INTRODUCTION 


The  Liverpool  School  of  Tropical  Medicine  despatched  the 
fifteenth  expedition  comprising  Dr.  Anton  Breinl  and  the  writer  to 
Manaos  in  April,  1905,  in  order  to  investigate  yellow  fever  and  the 
diseases  of  the  Amazon  State.  This  expedition  was  the  second  sent  to 
the  Amazon  region,  the  first  one  in  1900  having  been  stationed  in  Para. 
Shortly  after  its  arrival  in  Manaos,  both  members  were  attacked  by 
yellow  fever,  and  subsequent  complications  in  the  case  of  Dr.  Breinl 
unfortunately  necessitated  his  return  to  Europe,  and  thus  his 
valuable  services  were  lost  to  the  expedition. 

No  trained  assistance  was  procurable  and  all  the  work  has  had 
to  be  performed  single-handed.  The  report  presented  embraces 
only  a  portion  of  the  work  of  the  research  laboratory  in  Manaos.  I 
have  to  thank  those  gentlemen  who  were  kind  enough  to  contribute 
chapters  to  this  report ;  it  would  have  been  impossible  otherwise  to 
have  dealt  with  such  a  variety  of  subjects.  It  is  hoped  to  complete 
later  the  account  of  all  the  investigations  pursued  during  the  years 
1905  to  1909,  and  to  publish,  at  short  intervals,  a  series  of  papers  on 
subjects  affecting  the  welfare  and  hygienic  conditions  of  the  Amazon 
region.  The  district  is  so  rich  in  material  that  it  would  require  a 
large  staff  of  workers  to  carry  out  the  researches  on  the  spot ;  by 
collecting  the  material  and  forwarding  it  to  Europe,  it  is  possible  to 
induce  European  authorities  to  issue  short  monographs  on  their 
subjects. 

In  many  respects  the  1905-1909  Expedition  to  the  Amazon 
differs  from  the  expeditions  previously  despatched  by  the  School.  A 
permanent  laboratory  was  necessaiy,  and  attention  had  to  be  given 
to  a  multiplicity  of  details  which  are  usually  foreign  to  a  travelling 
commission.  On  the  other  hand  numerous  advantages  arose  out  of 
the  permanency  of  the  laboratory,  since  patients  could  be  kept  under 
continued  observation  and  experiments  inaugurated  which  would 
have  been  impossible  under  other  conditions. 

The  main  object  of  the  expedition  was  to  investigate  yellow 
fever,  and,  if  possible,  endeavour  to  advance  our  knowledge  of  this 
disease.  Chimpanzees  have  been  successfully  inoculated  ,  rabbits 
and  guinea-pigs  have  exhibited  certain  reactions  when  inoculated 
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wfth  infective  blood  from  yellow  fever  cases  or  subjected  to  the  bites 
of  infected  Stegomyia  calopus.  The  results  at  first  were  very 
erratic,  but,  subsequently,  with  improvement  in  technique  and 
important  details,  the  reactions  were  more  positive  and  could  be 
gauged  with  certainty.  Unfortunately  it  has  proved  impossible  to 
test  the  reactions  by  human  inoculations,  and  the  chimpanzees  were 
too  few  in  number  to  be  able  to  prove  all  the  different  points. 
Many  tests  have  to  be  made  and  experimental  work  revised  at  all 
points,  and  therefore  it  is  considered  inadvisable  to  make  public  tin- 
exact  technique  employed  until  an  exhaustive  report  can  be 
presented.  The  experiments  were  discontinued  for  lack  of  animals 
susceptible  to  the  disease,  and  the  expedition  returned  to  England 
in  February,  1909.  A  new  expedition  has  now  been  organised  and 
provision  made  for  an  adequate  supply  of  chimpanzees.  With 
improved  accommodation  for  the  experimental  animals,  and  with  1 1n¬ 
experience  gained  from  the  work  of  the  past  years,  it  is  confidently 
expected  that  an  early  and  satisfactory  report  can  be  published. 


An  expedition  should  endeavour  to  assist  the  local  authorities  and 
aid  the  medical  profession.  Therefore  the  resources  of  the  laboratory 
in  Manaos  were  placed  at  the  disposal  of  the  State,  the  medical  frater 
nity,  the  hospitals,  and  the  poor  of  the  city.  Examinations  of  blood, 
agglutination  reactions  for  typhoid  and  paratyphoid,  bacteriological 
examinations  of  water  and  milk,  post-mortems  and  pathological 
reports  were  made,  and  the  laboratory  so  conducted  as  to  be  of  the 
greatest  possible  service  to  the  community.  As  a  consequence  much 
routine  work  had  to  be  performed.  From  the  manifestations  of 
sympathy  and  the  co-operation  extended  to  the  expedition  bv  the 
•  tate  authorities  and  the  doctors  of  Manaos,  it  is  believed  that  the 
work  of  the  laboratory  has  proved  of  real  service. 


'ring  the  term  of  office  of  the 
’  and  was  continued  under  the 
de  Carvalho,  both  of  whom 
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displayed  much  interest  and  were  of  great  assistance  to  the 
expedition.  The  present  Governor  of  the  State  of  Amazonas, 
His  Excellency  Coronel  Antonio  Bittencourt,  manifested  much 
sympathy  with  the  work,  and  extended  an  invitation  to  the  expedition 
to  return  to  Manaos  to  complete  the  various  researches  which  were 
left  unfinished. 

The  Directors  of  the  Servico  Sanitario,  Dr.  Alfredo  da  Matta 
and  Dr.  Miranda  Leao,  and  their  colleagues  on  the  medical  board, 
did  everything  that  was  possible  to  promote  the  work  of  the 
laboratory.  The  active  and  loyal  co-operation  of  the  medical 
profession  in  Manaos  also  contributed  largely  to  the  success  of  the 
expedition.  Without  this  aid,  freely  rendered  on  all  sides,  little 
work  could  have  been  accomplished,  and  the  intimate  relationship 
which  existed  between  all  parties  h'as  been  attended  with  pleasant 
memories.  It  is  impossible  to  specify  individually  the  names  of  our 
co-workers,  since  it  would  involve  the  enumeration  of  the  whole  of 
the  medical  profession  in  Manaos;  but  to  one  and  all  I  wish  to 
tender  my  warmest  thanks. 

In  this  expression  of  gratitude  mention  must  be  made  of  the 
authorities  of  the  Santa  Casa  de  Misericordia,  and  Portugueza 
Beneficente,  and  the  Sisters  of  the  Religious  Orders  who  are 
responsible  for  the  nursing  of  the  patients.  Here  again  help  was 
freely  and  continuously  given. 

The  business  firms  and  their  staffs  in  Manaos,  and  the  subscribers 
to  the  expedition  have  been  of  assistance  in  every  possible  way. 
Invidious  though  it  be  to  single  out  an  individual  firm,  I  must, 
however,  express  my  warm  appreciation  of  the  interest  which  the 
Booth  Steamship  Company  exhibited  in  the  work.  The  sub¬ 
committee  in  charge  of  the  organisation  of  the  expedition  was 
composed  of  two  of  the  Directors  of  the  Company,  and  no  request, 
however  extravagant  and  exacting  it  might  seem,  was  refused.  W  ithout 
their  co-operation  experimental  work  with  such  costly  animals  would 
have  been  impossible,  nor  could  the  chimpanzees  have  been  imported 
under  mosquito-proof  conditions. 

In  compiling  this  report,  which  is  the  outcome  of  nearly  three  and 
a  half  years  of  actual  observation,  I  have  endeavoured  to  be  as  open 
and  fair-minded  as  possible.  The  suggestions  have  been  brought 
forward  solely  with  the  view  to  assist  the  authorities  in  Manaos  in 
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their  efforts  to  improve  the  local  sanitary  conditions.  I  can  testify  to  the 
great  improvements  that  have  been  made  in  the  sanitation  of  Manaos 
since  my  arrival  in  1905.  Commercial  enterprises  arc  rapidly 
advancing,  and  as  commerce  extends  the  population  of  the  Amazon 
region  will  steadily  increase.  Modern  sanitary  methods  and  anti¬ 
mosquito  measures  will  therefore  become  a  necessity  even  in  the 
smaller  towns  along  the  Amazon  and  its  tributary  rivers. 

In  conclusion,  my  thanks  are  due  to  Sir  Rubert  Boyce  for  the 
use  of  his  department  in  the  Thompson- Yates  Laboratories,  and  to 
Mr.  Newstead  for  his  advice  and  help.  It  1ms  been  .  Her  of  much 
regret  to  me  that  serious  ocular  troubles  should  have  prevented  the 
completion  of  the  detailed  study  of  the  material  designed  for  this 
report.  It  is  hoped,  however,  to  publish  the  results  of  the  experi¬ 
mental  work  at  an  early  date. 

H.  W.  T. 
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THE  SANITARY  CONDITIONS 
AND  DISEASES  PREVAILING  IN 
MANAOS,  NORTH  BRAZIL,  1905-1909, 
WITH  PLAN  OF  MANAOS  AND  CHART 


BY 

H.  WOLFERSTAN  THOMAS,  M.D.,  C.M.  (McGill), 


Expedition  to  the  Amazon ,  1905-1909 


( Fifteenth  Expedition  of  the  Liverpool  School  of  Tropical 

Medicine.) 

Manaos,  the  capital  of  the  State  of  Amazonas,  was  selected  as  the 
headquarters  of  the  Expedition.  It  is  the  second  largest  city  in  the 
Amazon  district  and  is  one  of  the  most  important  cities  in  North 
Brazil. 

The  city  is  situated  on  the  Rio  Negro,  a  few  miles  above  its 
confluence  with  the  River  Amazon,  and  lies  in  latitude  3°  08'  30"  and 
longitude  590  59'  27"  west  of  Greenwich ;  its  height  above  the  sea 
level  is  only  about  3^40  metres.  It  is  900  miles’  river  journey  from 
the  city  of  Para  at  the  mouth  of  the  Amazon  river  and  1,300  miles 
from  the  town  of  Iquitos,  Peru.  The  traffic  is  entirely  carried  on  by 
ocean  and  river  steamers  of  up  to  6,000  tons,  plying  between 
Hamburg,  Liverpool,  New  York  and  Manaos. 

The  population  of  Manaos  is  about  6o,oco,  comprising  some  33,000 
intra-urban  and  28,000  extra-urban  inhabitants.  The  greater  number 
are  Amazonenses  (persons  born  in  the  Amazon  State),  but  many 
Brazilians  from  other  States,  especially  Cearenses,  have  settled  in 
the  city.  There  are  about  4,000  to  5,000  foreigners,  chiefly  Portu¬ 
guese,  Italians  and  Spaniards,  with  some  hundreds  of  Americans, 
English,  French,  Germans,  Syrians  and  Turks. 
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It  is  impossible  to  give  accurate  figures,  as  there  is  a  large  floating 
population.  Manaos  is  the  commercial  centre  of  the  vast  rubber 
trade  of  the  State.  The  port  is  used  by  all  the  river  steamers,  and 
is  the  arrival  and  departure  point  for  all  those  connected  with  the 
rubber  trade  of  the  interior.  The  following  tables,  compiled  from 
figures  by  Dr.  Alfredo  da  Matta,*  give  an  idea  of  the  foreign  and 
national  passenger  movement  in  the  Port  of  Manaos. 

FOREIGNERS  ARRIVING  AND  DEPARTING 


Arrivals 

Dr  PARTI' ME* 

Year 

1901 

1902  ... 
I9°3  ... 

*9°4  ... 
I9°S  ••• 

From  interior 

From  exterior 

Total 

For  interior 

For  exterior 

Total 

1,208 

T,294 

1,230 

560 

763 

2  >95  3 
3d65 
3,074 
I,66o 
4,9H 

4d6i 

4,459 

4,304 

2,220 

5/V4 

483 

589 

476 

243 

38.5 

3d  89 

3d89 

3,340 

2,066 

3,563 

3,672 

3,778 

3,816 

2,309 

3,948 

BRAZILIANS  ARRIVING  AND  DEPARTING 


Arri 

VALS 

Departures 

Year 

From  interior 

From  exterior 

Total 

For  interior 

For  exterior 

Total 

1901 

I902  ... 

I9°3  ... 
*9°4  ... 
J905  ... 

D,647 

12,011 

16,131 

9,634 

!7,435 

18,766 

11,859 

13,375 

I5,6lO 

21,310 

32,413 

23,870 

29,506 

25,244 

38,745 

12,872 

10,371 

7,749 

7,959 

”,104 

13,534 

9,768 

i°,597 

7,609 

13,069 

26,406 

20,139 

18,346 

15,568 

14,173 

Complete  observations  are  difficult  to  oKf  •  t 
table,  compiled  by  Dr.  Lopes  de  Camn  +  r  ‘T’  ^  the  foIlowin8 
fa.r  idea  of  the  cond.t.ons  in  M **  ^  '*>3.  Rues  a 


Med:^£  No“ai4  iola^^*berculose~em  ManAosT 

Climatologia  Medica  do  Estado  do  ^ 


- - —  ,  *  «  v/a,  i 

Offi  ^  Pr\V°Pes  Campos. 
Official.  Manaos,  1903. 
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Month 

Rainfall  in 
millimetres 

Number  of  days 
on  which  rain  fell 

Relative 

humidity 

Velocity  of  wind 
in  metres 
per  second 

January 

2  H 

23 

78 

177 

February  .. 

201-2 

19 

79 

2-06 

March 

262 

19 

78 

i-88 

April 

155 

15 

76-9 

175 

May 

Il6 

20 

78 

1-62 

June 

23 

8 

67-9 

i-68 

July 

30-6 

7 

67-9 

i-6o 

August 

I7-4 

4 

657 

1-83 

September  .. 

65-8 

10 

68-5 

2-13 

October 

57' 

8 

63-9 

2-43 

November  .. 

69-4 

14 

70-2 

1-89 

December  .. 

184 

22 

73-4 

1-79 

The  temperature,  while  not  exceptionally  high,  is  very  constant. 
The  hot  months  extend  from  September  to  January,  the  highest 
temperature  occurring  in  October.  The  months  of  April  and  May 
are  slightly  cooler.  During  the  rainy  season  a  fall  of  two  to  four 
degrees  centigrade  occurs  about  daybreak,  so  that  the  early  hours  of 
the  day  are  quite  refreshing.  The  thermometer  averages  about 
24‘5°  C.  at  6  a.m.,  at  which  time  there  is  generally  a  light  N.E.  breeze  ; 
at  noon,  a  slight  breeze  may  spring  up  for  a  short  time. 


MAXIMUM  TEMPERATURES  (CENTIGRADE)  OF  THE  HOT  MONTHS* 


Year 

September 

October 

November  December 

1901  ... 

1902 

I9°3 

1904  ... 

1905  ... 

327 

35-8 

35*6 

35- i 

36- 0 

32-9 

37-5 

36- 6 

37- 2 

36-4 

32-6  31-9 

36-6  35-0 

36-0  35-0 

36-4  36-4 

35-0  35-0 

AVERAGE  TEMPERATURES 

Year 

Mean 

Minimum 

Maximum 

1901  ... 

27-3 

247 

37-4 

1902  ... 

27-9 

20-7 

34' 3 

I9°3 

28-5 

22-0 

36-0 

I904  ... 

28-8 

21-8 

327 

I9°5  ..• 

28-8 

22-2 

36-4 

*  Dr.  Alfredo  da  Malta,  loc.  cit. 
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A  curious  phenomenon  is  the  cold  spell  of  three  days  (dtas  de 
friagern )  which  may  occur  in  the  month  of  June.  It  is  usually 
preceded  by  some  heavy  rains,  mists  and  squalls.  A  very  cold 
southerly  wind  occurs,  accompanied  by  a  rapid  fall  of  temperature, 
reaching  i6°  C.  in  a  few  hours.  In  1907  the  friagern  occurred  in  the 
first  week  in  July,  the  temperature  falling  to  1 8°  C. 

The  topography  of  Manaos  is  well  seen  on  the  accompanying 
plan.  From  the  river  bank  the  ground  gradually  rises  towards  the 
North,  where  a  watershed  causes  the  formation  of  two  igarapes 
(creeks'),  the  Igarape  da  Cachoeira  Grande  on  the  West  and  the 
Igarape  da  Cachoeirinha  on  the  East.  The  city  is  intersected  from 
North  to  South  by  the  Igarapes  Manaos  and  Bittencourt,  while  a 
small  one,  the  Igarape  da  Castelhana  on  the  eastern  side  empties 
into  the  Igarape  da  Cachoeira  Grande.  The  Igarapes  Cachoeira 
Grande  and  Cachoeirinha  form  very  large  collections  of  water  at  ill 
times  of  the  year. 

The  rise  and  fall  of  the  Rio  Negro  is  an  important  factor,  there 


being  a  difference  of  50  to  60  feet  between  highest  and  lowest  river 
(Chart).  I  he  river  is  at  its  height  in  June,  and  then  gradually  recedes 
until  the  end  of  October.  A  slight  rise  may  occur  in  November  and 
be  followed  by  a  further  slight  fall.  It  then  remains  stationary  until 
January,  when  it  commences  to  rise.  At  low  river,  in  consequence, 
the  upper  reaches  of  the  smaller  Igarapes  Manaos.  Bittencourt,  etc, 
are  dried  up  and,  as  the  water  recedes,  many  puddles  and  holes 
containing  water  are  left  to  furnish  breeding-places  for  mosquitos. 
At  high  river,  the  water  from  the  Rio  Negro  has  backed  up  in  the 
igarapes,  and  vast  areas  of  low-lying  land  are  completely  submerged 
The  offices  of  many  of  the  chief  commercial  firms  and  banks  being 
situated  along  the  river  front,  an  extremely  high  river  causes  much 
inconvenience  and  damage,  as  the  cellars  and  low-lying  sections  of 
the  streets  become  flooded.  Since  this  condition  persists  for  several 

collttin  TTgat,°n  °f  and  disease  is  favoured  by  these 

collections  of  stagnant  water.  The  effective  functioning  of  the  low- 

5::™  ™hrr^“-  k,“  — 

- ‘s”;,y  t  t’  b-a — 
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blocks,  a  few,  however,  having  asphalt  blocks ;  the  less  important 
streets  are  generally  laid  with  rubble  and  macadam.  The  sidewalks 
are  composed  of  stone  slabs  or  artificial  pavement,  with  gutters  of 

stone. 

Electric  light  is  employed  to  illuminate  the  streets  of  the  city 
and  many  of  the  houses  and  offices.  The  residents  are  fortunate  in 
being  able  to  use  electric  fans,  as  they  are  almost  indispensable  in 
cooling  the  rooms  and  driving  away  mosquitos. 

The  system  of  electric  trams  has  proved  a  great  boon  to  Manaos. 
The  lines  to  Flores  and  other  suburban  parts  are  well  patronised  m 
the  evenings  by  the  residents  for  the  cool  ride  through  the  swampy 

areas. 

Disposal  of  refuse.  Collection  of  house  refuse  is  made  nightly 
by  scavengers,  who  give  an  efficient  service  to  the  residents  of  the 
centre  of  the  city. 

Drainage.  There  is  a  system  of  sewers  for  the  intra-urban  popu¬ 
lation,  but  none  at  all  for  the  extra-urban  inhabitants. 

Water  supply.  The  water  supply  is  derived  from  the  Rio  Negro* 
the  inlet  pipes  being  well  above  the  city  and  sufficiently  far  from  the 
shore  to  ensure  a  supply  of  uncontaminated  river  water.  In  1909,  a 
most  elaborate  filtration  plant  of  automatic  compressed  air  polante 
filters  was  installed.  The  filtered  water  is  pumped  up  to  the  two 
reservoirs,  Moco  and  Castelhana,  which  are  built  on  the  heights  o 
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Manaos.  The  water  is  then  conveyed  to  the  houses  oi  the  inhabitants 
by  gravitation  through  a  system  of  pipes. 

Both  the  drainage  and  water  systems  are  being  greatly  improved 
and  extended  by  the  Manaos  Improvements  Company,  Limited  A 
modern  system  of  sewers,  house  connections,  and  sew  age  disposal  is 
almost  completed,  and,  with  the  new  water  supply,  the  sanitation  of 
the  city  will  be  greatly  improved.  In  so  many  tropical  towns  the 
great  evils  are  the  lack  of  a  pipe-borne  water  supply  and  an  efficient 
drainage  system  ;  the  absence  of  these  necessities  naturally  helping 
to  propagate  disease.  With  the  completion  of  such  important  works, 
many  of  the  present  sanitary  evils  which  prevail  in  Manaos  should 
vanish. 

Food  supply.  The  cost  of  living  is  very  great,  the  prices  of  actual 
necessities  being  absurdly  high  as  compared  with  other  tropical 
countries.  I  he  beef  is  of  average  quality,  but  the  supply  is  limited. 
Cattle-raising  is  not  taken  up  very  extensively,  as  only  certain  parts 
of  the  State  are  suitable  for  ranches,  but  the  Rio  Branco  and  parts 
of  the  country  along  the  Rio  Amazonas  are  well  adapted  and  furnish 
a  fair  number  of  cattle.  Under  such  circumstances  the  poorer  class 
of  citizens  in  Manaos  are  rarely  able  to  afford  fresh  beef,  and  their 
diet  consists  chiefly  of  dried  beans,  farinha,  goat  flesh,  salt  cod  and 
some  dried  local  fish,  plantains,  fruit.  Fowls,  ducks,  eggs,  etc,  are 
all  dear,  the  demand  exceeding  the  supply.  In  consequence,  large 

quantities  are  imported  from  South  Brazil  and  the  lower  reaches  of 
the  Amazon  district. 

d  "Water  turtle  and  various  kinds  of  fish  are  excellent  and, 

during  low  river,  are  both  cheap  and  abundant. 

evefthT  rC‘OUS  an<1  n°“rishlng  fruits  S’™  wild  in  the  State,  but 

o.  s  :t;.r£trd^’pi“  r  r  Cs 

encourage  the  people  fy  exTmptme  th  r  "  ^  Sh°U'd 
taxation,  so  that  greater  nuanfh  r  fr°m  certdin  forms  of 
retailed  at  prices  within  the  means^yf  C°Uld  **  8K>Wn  md 

vegetables  are  an  absolute  necessity  td'sh^ ^  ^ 

-  -  .or  as  we,l  as  the  £  ££ 
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cabbages,  etc.,  have  to  be  imported  from  Europe,  and  therefore  are 
accounted  luxuries.  The  supply  of  fresh  milk  is  limited,  as  all 
milking-cows  have  to  be  imported,  and  it  is  chiefly  used  by  invalids 
and  rich  residents.  Practically  all  the  milk  is  boiled  before  being 
consumed. 

Artificial  ice  of  excellent  quality  is  manufactured.  The  more 
universal  employment  of  refrigerators  would  be  encouraged  if  the 
price  of  ice  was  reduced. 

The  slaughter-houses  along  the  Igarape  da  Cachoeira  Grande  and 
the  central  markets  in  the  town  are  of  recent  construction  and 
admirably  serve  their  purpose.  The  sale  of  meat,  fish  and  turtle, 
etc.,  is  under  medical  inspection,  and  an  efficient  supervision  is 
maintained. 

The  Santa  Casa  de  Misericordia  is  the  sole  public  hospital  in 
Manaos  for  the  reception  of  indigent  patients.  The  institution  was 
designed  for  about  160  beds,  but  this  accommodation  is  inadequate, 
as  the  hospital  has  to  care  for  the  numerous  patients  arriving  from 
the  interior  of  the  State.  The  wards  are  overcrowded  for  many 
months  in  the  year,  but  despite  such  difficulties  the  patients  are  well 
attended  to.  Numerous  improvements  have  been  instituted,  and  a 
fully  equipped  operating  theatre,  outdoor  and  maternity  departments, 
and  a  separate  barrack  for  tuberculous  cases,  enhance  the  value  of  this 
hospital.  The  institution  is  managed  by  a  lay  committee  who  appoint 
a  large  staff  of  the  local  medical  men,  assisted  by  the  Sisters  of  the 
Order  of  Santa  Anna,  to  attend  to  the  various  departments.  The 
medical  work  of  the  expedition  was  carried  on  in  this  hospital,  and 
after  an  associateship  of  three  and  a  half  years,  we  can  warmly  testify 
to  its  excellence. 

The  Sociedade  de  Beneficiencia  Portugueza  conducts  a  well- 
planned  hospital  for  the  needs  of  the  Portuguese  colony.  Mosquito 
bars  are  furnished  for  all  the  patients,  and  wire  gauze  screened 
observation  and  isolation  wards  are  provided  for  the  treatment  of 
their  yellow  fever  cases. 

A  small  isolation  hospital  well  removed  from  the  city  is  used  tor 
small-pox  patients  and  a  few  indigent  lepers.  A  State  lunatic  asylum 
is  in  course  of  erection. 

Another  small  hospital  is  maintained  by  the  Federal  authorities 
for  the  treatment  of  the  Federal  troops. 
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An  admirable  institution  is  provided  by  the  State  for  the  education 
of  orphan  girls.  It  is  known  as  the  Institut  Ben  jamin  Constant,  and 
is  thoroughly  equipped  on  modern  lines. 

In  former  years  the  authorities  inaugurated  many  extensive  works 
which  involved  the  raising  of  the  levels  of  the  low  lying  areas,  the 
filling  up  of  some  of  the  igarapes,  and  the  making  of  extensive  ex  ava- 
tions.  Unfortunately,  as  is  often  the  case,  mature  consideration  does 
not  appear  to  have  been  exercised  before  undertaking  the  improve 
ments.  Igarapes  were  incompletely  filled  in  ;  streets  were  made 
across  swamps,  thus  damming  back  the  waters;  and  street  levels 
altered  without  a  thought  as  to  the  consequences.  ’I  he  surface  waters 
draining  into  these  places  created  miniature  lakes  and  swamps  where, 
formerly,  only  puddles  had  existed.  In  1897  and  1898  such  works 
were  in  progress  in  all  parts  of  the  city,  and  with  the  excavating, 
filling  and  re-excavating  which  seems  to  have  occurred,  collections  of 
water  were  multiplied  all  over  Manaos,  mosquitos  bred  in  their 
thousands,  and  fevers  reigned  supreme.  Hundreds  of  workmen  were 
attacked  with  malaria,  and  the  deaths  from  this  disease  alone  rose  to 
1,074  in  1898  and  to  1,495  in  the  year  1900.  Happily  for  Manaos 
and  her  citizens  such  a  condition  of  affairs  is  at  an  end,  and  the 
authorities  are  alive  to  the  necessity  of  carrying  out  improvements 
methodically  and  with  the  collaboration  and  advice  of  the  sanitary 
authorities. 


During  our  residence  in  Manaos,  1905  to  1909,  we  have  noted  the 
efforts  of  the  various  departments  in  the  direction  of  abolishing  the 
many  foci  of  water  which  had  resulted  from  the  past  operations,  and 
we  desire  to  record  our  appreciation  of  the  immense  difficulties  which 
have  been  successfully  overcome.  It  is  hard  for  a  newcomer  to  realise 
how  much  has  been  accomplished  unless  he  learns  from  old  survey 
maps  etc.,  that  where  many  of  the  buildings  and  streets  are.  at  one 
time  there  was  nothing  but  igarapes  and  swamps 

The  situation  of  Manaos  admits  of  many  movements  being 
effected.  There  still  exist  too  many  low-lying  areas  of  land  in  the 

thro  T  U  P°Pulated  districts,  which  are  e.ther  swampy 
throughout  the  year  or,  at  any  rate,  during  the  rainy  season  These 

CuleTetc  Th  35  breedin^laces  Anophehnes,  Stegomyia. 
Culex,  etc.  The  propagat.on  of  flies  is  also  encouraged  by  the 

populace  being  afforded  opportun.ties  for  the  depositing  of  refuse 
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which,  in  many  instances,  has  been  found  to  be  of  a  most  objection¬ 
able  and  insanitary  nature. 

Many  of  the  streets  are  on  a  much  higher  level  than  the  adjoining 
land.  The  market  gardeners  use  the  sloping  land  for  the  growing  of 
vegetables ;  some  of  these  gardens  are  situated  in  the  heart  of  the 
city,  a  most  objectionable  feature,  as  the  rain-water  barrels  and 
cisterns  used  by  the  gardeners  for  the  storage  of  water  are  usually 
unscreened,  and  have  often  been  found  full  of  mosquito  larvae. 

The  municipality  has  filled  up  many  of  these  low-lying  areas  and 
heads  of  creeks  (igarapes)  with  the  soil  obtained  from  the  excavations 
of  new  streets  and  the  cutting  down  of  the  high  banks  of  earth  in 
various  parts  of  the  town. 

It  is  impossible  to  accomplish  much  with  the  means  at  their 
disposal.  The  soil  has  to  be  transported  in  small  carts,  so  that  the 
whole  operation  is  very  costly  and  tedious.  A  cheaper  and  far 
quicker  method  is  by  excavating  with  the  steam  shovel,  combined 
with  the  use  of  a  light  railway  and  gravel  cars  as  employed  by  the 
Manaos  Harbour  Company  in  the  filling  in  of  their  works.  This  is 
well  exemplified  in  the  case  of  the  new  Alfandega,  which  is  built 
entirely  on  filled-in  land. 

The  general  plan  of  the  laying  out  of  the  streets  in  the  new  part 
of  Manaos,  in  the  upper  residential  sections  and  in  the  outskirts  of  the 
city,  allows  of  wide  streets,  with  abundance  of  air  space. 

Manaos  resembles  the  majority  of  cities  in  which  the  old  or  original 
sections  of  the  settlement  consist  of  narrow  streets  and  confined  areas. 
In  the  old  quarters  and  business  section  of  the  town  the  streets  are 
narrow  and  the  buildings  closely  packed  together.  All  the  available 
space  has  been  built  upon,  and  no  thought  has  been  given  to  venti  a- 
tion  or  illumination.  Many  of  the  small  shops  and,  in  some  cases, 
the  offices  of  business  firms  are  so  crowded  alongside  and  around  one 
another  as  to  preclude  adequate  ventilation  and  illumination.  1  here 
is  generally  a  back-yard  adjoining,  but  it  is  small,  and  too  often 
encumbered  with  barrels  of  water  or  empty  boxes.  In  some  yards 
wooden  structures  have  been  erected  contrary  to  the  by-laws  of  the 
municipality. 

The  type  of  house  commonly  seen  in  Manaos  is  of  Portuguese 
architecture,  and  ill-adapted  for  a  tropical  climate.  A  small  dwelling 
generally  consists  of  a  front  room  facing  the  street,  an  inner  cham 
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which  is  usually  a  bedroom  and  opens  into  the  dining  room  ;  leading 
from  this  is  a  passage  along  which  are  a  couple  of  bedrooms  over¬ 
looking  a  little  yard  ;  a  dark  kitchen  is  at  the  end  of  the  passage,  and 
immediately  adjacent  to  the  kitchen,  the  latrine  and  shower  bath. 
The  inner  rooms  receive  air  and  light  only  from  the  outer  ones,  while 
the  sleeping  quarters  along  the  passage  are  lighted  and  ventilated 
from  the  yard. 

Such  cramped,  ill-lighted  and  badly  ventilated  houses  are  usually 
occupied  by  five  to  eight  persons.  The  air  space  is  quite  inaih  cj 
and  even  the  houses  of  the  wealthy  citizens  are  so  packed  together 
and  planned  as  to  prevent  through  ventilation. 

The  residents  appear  to  have  only  one  object  in  view,  to  live  as 
near  to  the  business  section  as  possible,  despite  the  exorbitant  price 
of  land  and  high  rentals.  Very  few  villas  exist,  and  even  these  are 
largely  constructed  on  the  same  lines  as  the  smaller  dwellings,  dark 
inner  rooms  being  universal.  Bungalows  with  broad  verandahs,  and 
with  rooms  so  adapted  that  a  current  of  air  can  continually  circulate, 
are  regrettably  rare.  Owing  to  lack  of  space  these  can  only  be 
erected  at  some  distance  from  the  business  quarter,  but  the  tram 

service  is  so  good  that  there  is  no  reason  why  such  residences  should 
not  be  built. 

are  oftp  SUCh  “  Portuguese  and  Italian  labourers, 

o  the  eh  T"  7  d  THey  tend  to  midst 

to  be  found  1  overcrowdlng  ^  very  common.  On  some  streets  are 

tL  to  twent  a°T  1  barraCkS  SUbd'Vided  SO  as  accommodate 

extremely  bad'.  threeTd  fom  ^ople^vinji"^^  °VCrCr°Wding  “ 

places  consist  of  a  latrine  u-  u  •  sanitaiy  conveniences  in  such 
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only  breed  filth  and  disease.  In  one  of  these  places  (Plan  25)  the 
garden  slopes  down  to  the  swampy  land,  which  is  only  partially  filled 
in  and  from  which  we  have  collected  many  Anophelines  (p.  20).  1  he 
native  in  the  outskirts  of  the  city,  in  his  mud  hut  with  thatched  roof, 
fares  better  than  do  these  people.  It  should  be  remembered  that 
many  of  the  tenants  of  these  places  are  newly  arrived  immigrants. 
Can  it  be  surprising  that  they  should  suffer  from  yellow  fever,  etc.  ? 

Other  tenements  of  a  better  class  are  scattered  over  the  city. 
These  have  larger  yards,  and  overcrowding  is  not  marked.  I  he 
sanitary  arrangements  are  better,  but  are  usually  insufficient  for  the 
number  living  in  the  restricted  area,  while  the  habits  of  many  of  the 
tenants  conduce  to  unhealthy  surroundings. 

Underground  cellars  are  rarely  seen,  but  ihany  of  the  houses  ha\e 
low,  ill-lighted  basements  which  the  residents  adapt  for  kitchen  and 
servant  quarters.  The  authorities  are  adverse  to  such  practice  and  try 
to  prevent  them  being  used  as  sleeping-quarters.  The  floors  of  a 
great  many  houses  are  only  raised  a  half  to  one  metre  from  the 
ground,  ventilation  being  provided  by  a  small  iron-screened  opening 
on  the  street.  The  screening  is  either  too  open  or  the  bars  are  broken 
so  that  cats,  rats  and  other  vermin  can  enter.  When  the  houses  are 
sufficiently  raised  from  the  ground  the  inhabitants  frequently  litter 
the  space  under  the  flooring  with  old  boxes  and  other  rubbish.  Such 
places  are  insanitary  and  favour  the  breeding  of  vermin  which  would 
be  a  serious  matter  in  the  case  of  an  outbreak  of  plague. 

THE  BREEDING  PLACES  OF  MOSQUITOS 

In  the  City  Proper. 

Stcgoniyia  calopus  is  to  be  found  all  over  the  populated  districts 
of  the  city.  It  is  not  an  exaggeration  to  state  that  98  per  cent,  of  all 
dwelling  houses  and  places  of  business  harbour,  in  the  building  or 
in  the  yard,  foci  of  water  which  give  the  female  Stegomyia  calopus  a 
place  where  she  can  lay  her  eggs  and  where  the  young  larvae  can 
hatch  out. 

One  of  the  ordinances  of  the  city  is  that  all  cisterns  used  for  the 
storage  of  water  must  be  screened  with  fine  wire  gauze.  I  his 
ordinance  is  not  always  obeyed,  and  very  often  the  screening  is  most 
defective  (usually  around  the  ball  and  cock  of  the  inlet  water  pipe  of 
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the  cistern).  The  sanitary  authorities  summon  householders  for  not 
having-  the  cisterns  screened,  but  too  often  is  it  the  case  that  :n  a 
month  or  so  afterwards  the  screen  is  taken  off  or  propped  up. 

It  is  the  custom  of  the  householder  to  store  his  empty  bottles  in 
the  yard.  These  are  usually  laid  on  the  side  and  piled  tip  at  such 
angle  that  rain  water  is  collected  and  another  ideal  breeding-place 
for  the  mosquito  is  provided.  Empty  tin  cans,  buckets,  earthenware 
pots,  etc.,  adorn  the  backyard,  nearly  all  being  so  placed  as  collect 
water.  Very  often  these  are  only  cleared  away  after  an  inspection 
has  been  made  by  the  authorities,  to  be  followed  shortly  by  another 
collection  of  useless  rubbish. 


Barrels  for  rain-water  are  unscreened  or  covered  with  a  loose- 
fitting  top  which  more  often  than  not  is  left  off.  Gutter  and  gutter 
pipes  may  be  broken  or  blocked.  All  these,  if  defective,  collect  water 
and  facilitate  the  propagation  of  the  mosquito.  Empty  tins, 
bottles,  even  old  baths,  are  often  stored  under  the  flooring  and,  when 
the  floors  are  washed,  water  will  drip  through  the  cracks  in  the  flooring 
and  collect  in  the  cans,  etc.  The  usual  method  of  washing  a  onc- 
storied  house  is  to  throw  a  couple  of  bucketsful  of  water  on  the  floor 
and  then  rub  the  boards  with  brooms  and  sluice  on  more  water.  We 
have  seen  the  workmen,  during  building  operations,  too  lazy  to  clear 
away  the  old  tin  cans  and  similar  rubbish  on  the  ground  before  nailing 
down  the  floor.  (One  house  badly  infested  with  mosquitos  was  a 
source  of  much  worry  to  us  until  we  took  up  a  few  boards  and  found 
some  old  saucepans  partially  filled  with  water  and  teeming  with  larvae.) 
i  lany  yards  laid  with  cement  have  depressions  or  cracks  in  which 

car  Waoff  tlf e'  man"h°le  °f  lhC  dmin  PjPe  in  the  yard  for 
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Usually  these  houses  have  improperly  screened  or  unscreened  cisterns, 
and  the  cellars  and  back  yards  are  often  littered  with  a  collection  of 
rubbish  which  favours  mosquito  propagation. 

In  workshops  the  water-trough  of  the  grindstone,  the  tub  by  the 
forge,  and,  in  offices,  even  the  water  receptacle  used  for  wetting  the 
brush  for  the  copying  book  have  been  found  to  harbour  eggs  or 
larvae. 

Builders  also  too  frequently  neglect  to  screen  the  barrels  used  for 
storing  water  for  mortar  making,  etc.  In  the  digging  of  foundations 
for  buildings  the  soil  is  heaped  up  and  puddles  formed.  On  the  iron 
girders  which  are  left  lying  about  for  a  long  time,  rain-water  can 
collect  in  the  depressions. 

In  some  of  the  street  gully-pipes,  at  the  man-holes  leading  to  the 
sewers,  the  mouth  of  the  upright  pipe  is  fully  3'5  cm.  or  more  above 
the  surface  of  the  cement.  Here  month  after  month  quantities  of 
Stegomyia  larvae  are  found  breeding. 

The  municipality  is  responsible  for  the  existence  of  many  fountains 
in  the  city  which  again  are  simply  breeding  places  for  mosquitos. 

Swamps  and  1  gar  apes. 

Numerous  swamps*  and  igarapes  are  to  be  found  in  the  city  proper, 
and  the  inhabitants  in  these  localities  suffer  from  the  effects  of 
malaria. 

The  very  extensive  swamp  in  the  valley  at  the  back  of  Ruas 
Cearense,  Ferreira  Penna  and  Commendador  Clementino  (Plan  5),  is 
responsible  for  the  presence  of  much  malaria  and  anaemia  among  the 
residents  on  both  sides  of  the  valley.  In  1908  a  partial  filling  was 
attempted,  but  up  to  my  departure,  in  January,  1909,  no  improvement 
was  observable.  The  sides  of  the  valley  are  much  contaminated  with 
refuse.  Many  women  use  the  place  for  washing  clothes. 

The  igarape  crossing  Rua  Occidental  behind  Rua  Monsenhor 
Coutinho  (Plan  4)  is  also  a  prolific  breeding  ground. 

The  igarape  at  the  back  of  Rua  Luiz  Antony  and  extending  up 
to  Rua  10  de  Julho  (Plan  2)  is  a  source  of  much  disease.  Much 
washing  of  clothes  is  done  here,  and  the  breeding  of  mosquitos  is 
further  helped  by  the  barrels  sunk  by  the  washerwomen  in  the  soil 

*  Newstead,  R.,  and  Thomas,  H.  W. ;  The  mosquitos  of  the  Amazon  Region. 
Annals  of  Tropical  Medicine  and  Parasitology,  Vol.  IV,  No.  1,  p.  141-142,  1910. 
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for  the  purpose  of  obtaining  clean  water.  There  are  a  very  con¬ 
siderable  number  of  these  receptacles,  and  many  Anopheline  larvae 
have  been  obtained  from  them  throughout  the  year. 

The  igarape  at  the  back  of  Rua  independence  (Plan  i ).  the  head 
of  which  is  now  filled  in  by  the  Rua  da  Codeia,  is  still  a  breeding 
ground  for  mosquitos  by  reason  of  the  dank  vegetation  along  the 
sides.  The  back  yards  of  many  of  the  houses  of  Rua  Independence 
are  flooded  when  the  river  is  high.  Up  to  1908  there  existed  a  large 
and  deep  body  of  water  just  east  of  Rua  Codeia,  which  occurred  from 
the  incomplete  filling  up  of  this  arm  of  the  igarape.  Countless 
hoards  of  Stegomyia,  Culex  and  Anopheline  larvae  bred  there.  Year 
after  year  cases  of  malaria  and  yellow  fever  occurred  amongst  the 
inmates  of  the  neighbouring  houses  and  hotels.  By  the  complete 
filling  in  of  this  comparatively  small  area  the  authorities  have 
destroyed  one  of  the  most  dangerous  breeding  spots  in  Manaos. 

A  most  prolific  breeding  spot  is  the  low  land  near  Rua  dos 
Andrades  along  the  projected  Avenida  13  de  Maio  (Plan  25),  where 
collections  of  water  harbour  many  Mattson  ia  Util  Ians  and  Culex 
fatigans  larvae.  Stegomyia  calopus  abound  in  the  houses  of  the 
neighbourhood.  Some  of  the  old  houses  are  built  on  piles 
immediately  over  this  foul-smelling  water.  During  the  rainy  season, 
t  he  back  yards  of  many  of  the  houses  in  the  vicinity  are  flooded  and 
the  neighbourhood  pestered  by  swarms  of  these  mosquitos.  Partial 
fidmg  has  been  accomplished,  and  it  is  to  be  hoped  that  this  will 
cease  to  be  a  danger  spot. 

r  Tj  TT  a‘°ng  the  Proposed  Avenida  13  de  Maio.  from  Rua 
andido  Mannho  up  to  and  on  the  northern  s.de  of  Rua  ,0  de  Julho 

Culirine }  ^  pr°pa&ation  for  b°th  Anophelines'  and 

Culicines.  The  swamps  on  both  sides  of  Rua  ,0  de  Julho  have 
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from  other  diseases,  and,  in  the  course  of  the  year,  many  cases  of 
malaria  are  under  treatment  in  the  wards. 

Around  the  Igarapes  Manaos  and  Bittencourt,  larvae  of  Cellia 
argyrotarsis  and  Ce.  albimana  are  always  to  be  found.  During  the 
period  of  falling  river  many  small  pools  and  puddles  are  left  which 
breed  numbers  of  these  Anophelines  and  swarms  of  Ciilex  fatigans 
and  Mansonia  tit il Ians. 

At  very  low  river  the  upper  reaches  of  these  igarapes  are 
comparatively  dry,  but  foci  of  Anophelines  can  nearly  always  be 
discovered.  With  rising  or  high  river  the  larvae  of  Cellia  are  to  be 
found  along  the  edges  among  the  dank  vegetation  clothing  the  sides 
of  these  igarapes. 

Along  the  numerous  arms  of  the  Igarape  da  Cachoeirinha  (Plan 
io,  15,  16)  occur  many  breeding  spots  for  Anophelines.  The  land 
in  many  places  is  low-lying  and  swampy  for  the  greater  part  of  the 
year,  and  only  becomes  dry  at  very  low  river.  The  breeding  places 
for  mosquitos  are  augmented  very  considerably  by  the  number  of 
pigs  allowed  to  roam.  These  animals  are  always  rooting  about  in 
the  swampy  land,  and  create  numerous  holes  which  retain  water  for  a 
long  time,  and  serve  as  favourite  spots  for  the  Anopheline  ova  and 
young.  Along  the  ravines  and  swampy  lands  the  inhabitants,  in 
order  to  obtain  clean  water  for  drinking  and  washing  purposes,  sink 
small  tubs  and  barrels  into  the  sandy  soil,  and  these  have  always 
been  found  to  contain  many  imagines  of  malaria-conveying 
mosquitos.  The  occupants  of  the  houses  adjacent  to  the  swamps 
and  arms  of  this  igarape  naturally  do  not  escape  malaria,  as  is 
evidenced  by  the  very  large  number  of  admissions  to  the  Santa  Casa 
and  Benificente  Portuguese  Hospitals.  During  the  rainy  season  it 
is  the  exception  to  find  these  people  free  from  the  parasite.  On  the 
eastern  side  (Plan  26)  of  the  igarape  the  inhabitants  of  the  houses 
along  the  bank  and  at  the  Colonia  Oliveria  Machado  (Plan  24) 
exhibit  signs  of  the  ravages  of  malaria. 

In  the  North,  which  is  the  highest  part  of  Manaos,  the  igarapes, 
swamps  and  ravines,  as  can  be  seen  from  the  map,  are  rairly  extensiv  e. 
Villa  Municipal  (Plan  19)  is  situated  in  this  section,  and  many 
Anophelines  are  bred  in  the  swamps  at  the  sides  and  back  of  the 
racecourse,  near  the  Wireless  Station. 

Around  the  Plano  Inclinado  (Plan  3)  are  many  spots  for  the 


propagation  of  Cellia  albimana,  caused  by  the  numerous  indentations 
of  the  Rio  Negro  and  the  Igarape  da  Cachoeira  Grande.  Malaria 
exacts  a  heavy  toll  from  the  residents  of  this  district. 

The  suburbs  of  Sao  Raymundo  (Plan  23)  and  Colon:  1 
Machado  (Plan  24),  on  the  far  sides  of  the  Igarapes  Cachoeira  Grande 
and  Cachoeirinha,  are  on  fairly  high  ground,  but  many  ravines  and 
swampy  low-lying  areas  exist.  The  majority  of  the  houses  are 
situated  along  and  in  these  areas. 

Further  outside  the  limits  of  the  city,  very  extensive  sw  imps 
occur.  Unfortunately  these,  districts  are  thickly  populated  by  the 
poorer  class,  with  a  few  residents  of  the  better  class.  Near  the  old 
pumping  station  of  the  waterworks  (Plan  21),  the  Bosque  (Plan  2:), 
Pensador  (Plan  27)  and  Flores  are  a  series  of  swamps  which  exist 
all  the  year  round,  and  during  the  rainy  season  cover  very  extensive 
areas.  From  every  one  of  these  swamps  larvae  of  Cellia  albimana, 
Cellia  argyrotar sis,  Culex  fatigans,  Mansouia  ti/illaus,  and  UrtM 
taenia  geometrica  have  been  taken,  and  adult  specimens  captured  in 
the  houses  of  the  inhabitants  at  the  Bosque,  Pensador  and  Flores 
Numerous  Stegomyia  calopus  have  been  found  in  the  larger  houses 
where  rain-tubs  and  barrels  are  kept  unscreened  and  full  of  water. 

The  Bosque,  Pensador  and  Flores  are  prolific  breeding  places  tor 
Anophelines,  and  the  residents  in  these  localities  suffer  from  malaria 
I  he  residents  of  these  districts  are  responsible  for  many  of  the 
breeding-places,  as  they  are  too  indifferent  to  fill  up  any  of  the 
shallow  pools  or  to  dig  small  trenches  to  drain  the  natural  hollows. 
In  these  localities  (Plan  22)  much  sand  occurs  which  is  used  by  the 
local  builders;  as  a  consequence  extensive  sandpits  exist,  which, 
during  the  rainy  season,  are  full  of  water,  and  serve  as  breeding-places 
or  both  Culicines  and  Anophelines.  Such  foci  occur  all  along  the 
swamps  and  near  to  the  houses.  It  is  therefore  not  astonishing  to 

find  so  many  cases  of  malaria  in  proportion  to  the  number  of  the 
inhabitants. 

We  fully  realise  the  desire  of  the  authorities  to  stamp  out  malaria 
“to  be  dtr  Mana°S'  of  -  ^ady  been  or 
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is  so  great;  but  when  accomplished  valuable  areas  of  land  will  be 
available  for  building  sites.  Then  again  it  would  be  advantageous  if 
the  upper  reaches  of  the  igarapes  were  filled  in  to  above  the  level  of 
ordinary  high  river.  At  the  same  time  the  banks  and  beds  of  these 
igarapes  should  be  cleared  of  all  the  small  trees,  undergrowth  and 
dank  vegetation  which  grow  so  luxuriantly  along  their  entire  course. 
All  the  washing-pools  used  by  the  washerwomen  should  be  either 
done  away  with  or  removed  to  one  particular  area,  which  will  allow 
of  their  being  inspected  and  kept  free  of  receptacles  which  help  to 
harbour  mosquitos  and  their  larvae.  The  pigs  should  be  prevented 
from  roaming  about  the  areas  of  the  igarape  and  the  necessary 
measures  enacted. 

Further,  a  small  brigade  of  men  should  be  appointed  to  discharge 
or  fill  the  small  pools  left  by  the  receding  waters,  draining  the  hollows 
where  possible  and  only  oiling  spots  which  are  absolutely  impossible 
to  fill  or  drain. 

Rubbish  should  not  be  allowed  to  be  dumped  at  these  igarapes 
unless  of  material  suitable  for  filling,  and  then  only  at  those  places 
which  are  being  filled. 

After  the  initial  cleaning  and  stripping  of  the  trees,  brushwood, 
and  high  vegetation  from  the  banks  and  bed  of  the  Igarapes  Bitten- 
court  and  Manaos,  a  small  force  of  not  more  than  four  men  should 
amply  suffice  to  keep  the  two  igarapes  clean  and  to  destroy  the  pools 
left  by  the  falling  waters. 

A  slight  modification  of  the  same  measures  would  be  necessary 
in  the  case  of  the  Igarape  Tocos  (Plan  2)  and  some  of  the  small  arms 
of  the  S.  Vicente  etc. 

The  ravine  at  the  back  of  Rua  Cearense  (Plan  5)  should  be 
drained  and  the  undergrowth  and  small  trees  destroyed.  The 
washing-pools  should  be  abolished  altogether,  and  the  inhabitants 
prohibited  from  using  the  waters  for  any  purpose.  Free  drainage 
should  be  afforded  by  preventing  the  filling  at  the  western  end  until 
the  eastern  section  has  been  attended  to. 

THE  DISEASES  IN  MANGOS 

The  diseases  which  chiefly  affect  the  death-rate  in  Manaos  are 
malaria,  yellow  fever,  beri-beri,  ankylostomiasis,  dysentery  and  other 
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infantile  diarrhoeas,  tuberculosis,  bronchitis  and  pncumntn.i,  tvphoi 
fever  and  small-pox. 

On  none  of  the  vast  rivers  flowing  through  the  State  of  Amazonas 
are  there  any  public  hospitals,  and  the  doctors  practising  in  the 
settlements  in  the  interior  are  few  in  number  considering  the  vast 
extent  of  territory.  Manaos  has  therefore  to  serve  .i->  a  hospital  base 
for  all  the  up-river  commerce. 

Every  steamer  brings  diseased  persons  from  the  interior  nf  the 


State;  many  of  them  are  already  in  the  advanced 
beri-beri,  ankylostomiasis,  etc.  Their  health  undermined  by  the 
ravages  of  malaria  and  the  privations  they  have  had  to  undeigo, 
many  of  them  suffering  from  lack  of  sufficient  nourishment 
starvation  is  not  an  uncommon  occurrence  in  the  interior  during  the 
season  of  low  river,  when  it  is  frequently  impossible  to  send  up 
p  vision.-,),  these  people  often  arrive  in  Mandos  in  a  most  precarious 
condition  Many  are  admitted  to  the  wards  of  the  Santa  Casa  de 
■  seneordia  in  a  moribund  state  and  thereby  raise  the  death-rate  of 

e  hoSpltai  and  the  chy  Qf  Man  ,os  The  mo^  f< (rtonate  oncs  mah 
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collector  is  of  a  neretbty' Trove' "’h°  hapPens  to  be  a  rubbe 
'“trict,  going  up  the  different  ^  ^  frecfuently  change  hi 
acqu.rmg  fresh  infections,  'fever  -  v"*  35  emPlo>'ment  offers  am 
as  t  e  result  of  having  to  work  up-rive^  C°ns,dered  a  necessary  evi 


25 


If  these  people  are  not  too  ill  they  will  go  and  live  with  their 
family  or  friends  in  a  hut  situated  in  an  Anopheline  region.  Very 
little  quinine  is  taken,  though  their  blood  may  be  laden  with  gameto- 
cytes.  They  lie  about  in  hammocks  with  no  mosquito  nets,  and 
consequently  these  ‘  gamete  carriers  ’  serve  to  infect  Cellia  albunana 
and  C.  argyrotarsis ,  which  arc  the  common  Anophelines  of  the 
swamps  in  the  outskirts  of  Manaos.  Thus  the  districts  can  be  infected 
with  the  more  virulent  parasites  of  malaria.  Generally  the  huts 
occupied  by  these  ‘  gamete  carriers  ’  arc  overcrowded  with  children 
and  adults,  and  consequently  at  a  later  date  the  other  inmates  are 
attacked  with  the  same  form  of  fever.  Our  case  books  record  many 
such  instances.  At  Para  a  very  serious  epidemic  of  malaria  occurred 
among  the  very  poor  inhabitants  of  certain  districts,  in  which 
Anophelines  abounded,  by  the  return  of  labourers  who  had  come 
down  from  the  Alcoboga  and  Madeira-Mamore  works,  and  who 
were  suffering  from  very  severe  attacks  of  malignant  tertian  fever 
contracted  in  these  districts.  These  labourers  being  heavily 
infected,  and  living  under  most  abject  conditions,  served  as  efficient 
hosts  for  the  parasites.  Shortly  after  their  arrival  a  great  outbreak 
of  malaria  occurred,  necessitating  the  appointment  of  a  medical 
commission.* 

If  we  compare  the  malarial  localities  of  Manaos  with  the  figures 
obtained  from  a  mosquito  survey,  we  find  that  all  the  heavily  infected 
localities  represent  those  areas  in  which  the  greatest  number  of 
Anophelines  are  present  throughout  the  year.  In  the  city  proper  the 
number  of  Anophelines  is  not  so  great  as  compared  with  those  in  the 
suburbs,  and  therefore  the  number  of  new  cases  of  malaria  is  far  less 
than  in  localities  such  as  Moco  and  Pensador.  Moreover,  the  condition 
of  the  inhabitants  of  the  city  is  better  than  that  of  the  poorer  natives 


living  along  the  swamps. 

During  our  residence  in  Manaos  we  have  examined  many  children 
and  adults  living  in  the  suburbs,  and  especially  those  in  malarial 
localities.  As  far  as  possible  spleen  palpation  and  blood  examination 
was  practised,  and  latterly  an  examination  of  the  faeces  was  always 
made.  Children  do  not  object  to  being  palpated,  whereas  the)  \  ie\\ 
with  apprehension  the  necessary  preparations  for  making  blood  fihnv 


*  Relatorio  apresentado  pala  commiss&o  nomeada  para  debellar  a  F 
impaludismo,  reinante  no  Marco  de  Legua,  Pedreira  e  Canudos.  Be  .  P 
official  do  Estado  do  Pard,  1909. 
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Moreover,  a  mother  naturally  objects  to  her  infant’s  finger  <>r  car 
being  pricked.  In  order  to  obtain  as  many  specimens  as  possible, 
free  quinine,  thymol,  etc.,  was  given  to  all  indigent  patients  residing 
outside  the  city  who  were  not  attending  the  outdoor  dispensarv  of 
the  Santa  Casa. 

The  following  tables  relate  to  a  spleen  and  blood  census  practised 
on  children  from  6  months  to  io  years  of  age. 


APPARENTLY  HEALTHY  CHILDREN  LIVING  IN'  HUTS  ALONG  I  HI 
SWAMPS  IN  THE  SUBURBS  OF  MAKAOS 


Age 

f 

Children 

examined 

Spleen  palpable 

Blood 

I 

II 

m 

Total 

Percentage 

Children  Parasites 
examined  present 

Percentage 

6  months  to  2  years 

2  to  5  years 

5  to  8  years 

8  to  10  years 

II 

58 

6l 

70 

I 

3 

1 

I 

5 

12 

4 

1 

17 

H 

22 

2 

23 

29 

27 

1 8*i 

39^5 

47-5 

38-5 

9  3 

38  20 

51  28 

59  27 

33-33 

52-63 

5490 

45-76 

Total  spleens  examined... 
T otal  spleens  palpable  . . . 
Percentage  palpable 


200 

8i 

+5 


Total  bloods  examined  157 
Total  parasites  present  78 
Percentage  infected  ...  4968 


Explanation.— I  =  Spleen  greatly  enlarged. 

m-SriZ  "”,aT,d  fd  cdB'  ribs. 

Ill  — Spleen  palpable  but  not  project!,,,,  beyond  rib.. 
___  AILING  CHILDREN— same  LOCALITY 


Age 


Children 

examined 


Spleen  palpable 


6  months  to  2  years 
2  to  5  years 
5  to  8  years 
8  to  10  years 


45 

81 

68 

76 


Tota  spleens  examined 
total  spleens  palpable 
Percentage  palpable 


Blood 


11 

ill 

Total 

- — -  1 

Percentage 

4 

15 

11 

12 

1 1 

22 

20 

J3 

18 

41 

35 

3i 

40 

50-62 

51'47 

40-78 

Children 

examined 


43 

72 

38 

25 


270 

125 

46-29 


Parasites 

present  Percentage 


20 

39 

23 

*3 


46-51 

5416 

60-53 

5200 


Total  bloods  examined  178 
1  otal  parasites  present  95 
iercentage  infected  ...  53 
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From  these  figures  it  is  apparent  that  the  swamps  in  the  suburbs 
of  Manaos  are  responsible  for  a  considerable  number  of  cases  of 
malaria.  Of  a  total  number  of  470  healthy  and  ailing  children,  the 
spleen  was  palpable  in  206,  or  43-82  per  cent.  Blood  examination 
of  335  of  the  children  showed  malaria  parasites  to  be  present  in  173, 
or  5164  per  cent.  If  we  compare  spleen  and  blood  examinations 
made  on  children  of  the  same  ages,  resident  in  Manaos  and  living 
near  swampy  and  low-lying  land  such  as  Iga.ra.pes  Bittencourt  and 
Manaos,  S.  Vicente  etc.,  the  number  of  infected  children  is  much 
the  greater  in  the  suburbs. 


LIVING  ALONG  THE  SWAMPS  IN  THE  CITY 


Age 

Child  ren 

Spleen  palpable 

Blood 

examined 

I 

11 

in 

Total 

Percentage 

Children  Parasites 
examined  present 

Percentage 

6  months  to  2  years 

2  to  5  years 

5  to  8  years 

8  to  10  years 

21 

64 

33 

59 

I 

I 

3 

1 

3 

7 

6 

1 

5 

4 

12 

2 

9 

14 

19 

9-5 

14-06 

42-4 

32-20 

18  5 

47  H 

33  18 

49  22 

27-77 

29-78 

54-55 

44-89 

Total  spleens  examined  . 

Total  palpable  ...  . 

Percentage  palpable  ...  . 

1 77 

44 

24-85 

Total  bloods  examined  147 
Total  parasites  present  59 
Percentage  infected  ...  40-13 

COMPARISON  OF  MALARIA  INDEX  OF  CHILDREN  IN  SUBURBS  AND  CITY 


Spleen  rate 

Blood  rate 

0-5  years 

5-10  years 

0-5  years 

5-10  years 

Swamps  /  Apparently  healthy 

in  -  Ailing  . 

Suburbs  1  Average  both  classes 
City  sw'amps 

36-23 

46-82 

43'°7 

I2'94 

42’74 

45-83 

44T6 

35-86 

48-93 

51-80 

50-61 

29-23 

50-00 

57**4 

52-60 

48-78 

Thus  we  find  that  the  spleen  rate  for  the  suburbs  is  43  82  per  cent, 
as  compared  with  24-85  per  cent,  for  the  city,  and  the  malarial  blood 
index  in  the  suburbs  is  51-64  per  cent.,  in  the  city  40-13  per  cent. 
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At  five  to  eight  years  a  greater  percentage  of  children  appear  to 
show  enlargement  of  the  spleen  and  malarial  parasites  in  their  blood. 
Examination  of  142  boys  between  the  ages  of  ten  and  fifteen  years, 
living  in  the  suburbs,  showed  splenic  enlargement  111  ^  1  •  ases,  <>r  35'ijl 
per  cent. 

Comparison  of  particular  localities  such  as  Mucb,  the  Bosque, 
S.  Raymundo,  Colonia  Oliveira  Machado,  where  the  natives  are  of 
the  very  poorest  class,  shows  a  much  greater  percentage  <»f  children 
with  malarial  infection.  In  these  places,  quite  70  to  go  per  cent  uf 
the  inmates  of  some  of  the  huts  are  suffering  from  malaria.  We  hail 
many  opportunities  of  observing  such  conditions  during  the  course 
of  our  work  in  the  swamps,  and  many  times  have  found  wh< >le  families 


incapacitated. 

On  the  other  hand,  our  observations  show  that  children  and 
adults  living  in  the  city,  and  well  removed  from  malarial  swamps, 
remain  free  from  malaria.  Such  non-malarial  districts  are  not  hard 
to  find  in  Manaos,  and  as  the  sanitation  of  the  city  improves,  so  will 
the  number  and  extent  of  these  localities  increase. 

rhe  majority  of  the  Americans,  English,  French  and  Germans 

live  m  the  business  section  of  the  city  and  remain  free  from  malaria. 
,  1Cn  cases  do  occur> the  infection  can  be  quite  easily  traced.  They 
have  gone  on  a  hunting  or  sailing  expedition  and  exposed  themselves 
to  infection  or  are  old  •  imported  cases'  from  up-river  or  other  parts 
of  the  tropics.  Many  Brazilian  clerks  are  employed  by  these  Anns, 

res-der!e  ^  '  there  15  those  who 

consterab  e  oC  “  “l*6  dty  “d  adj3Cent  to  swamps.  A 

the  year  ^  (ague)  at  some  time  during 

-Dr;r,  rsigst  z  ,rr  -  — 

m  the  swamps.  “  1  cltT  to  Pursue  our  work 

tetanus  fn  chfC^oc^durtlg^ryeara  f  ”“ti0n  tr°ubleS'  and 

ff 

As  we  show  in  th..  gdy  °f  malarial  origin. 

93  per  cent,  of  the  children  ^  °n  ankylostomiasis-  **  per  cent,  to 

Necator  americanus,  and  practical  ^  Suburbs  are  mfected  with 

practically  all  our  cases  of  malaria  exhibited 
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symptoms  of  this  disease.  It  is  not  remarkable  then  that  these 
children,  their  constitutions  already  weakened  by  ankylostomiasis, 
should  be  attacked  and  exhibit  severe  types  of  malaria. 

The  children  who  enter  the  Santa  Casa  are  of  course  suffering 
from  acute  attacks  of  malaria,  and  exhibit  the  most  severe  symptoms 
of  the  disease.  It  is  rare  to  find  parents  of  the  indigent  class  bringing 
their  children  to  be  treated  for  malaria ;  the  gravity  of  the  disease  is 
not  appreciated,  and  consequently  the  cases  are  well  advanced.  Blood 
examinations  of  the  children  admitted  for  various  diseases  show  that 
50  per  cent,  to  70  per  cent,  are  infected  with  malarial  parasites. 

If  a  hut-to-hut  inspection  in  the  swampy  areas  of  the  suburbs  be 
made,  from  20  per  cent,  to  80  per  cent,  of  the  adults  will  be  found  to 
suffer  from  malaria,  the  number  varying  according  to  the  season  of 
the  year,  condition  of  trade,  and  locality.  Allowing  for  the  imported 
cases  living  in  these  districts,  we  estimate  that  20  per  cent,  to  55  per 
cent,  of  the  population  residing  in  Moco,  the  Bosque,  S.  Ray m undo, 
Colonia  Oliveira  Machado,  part  of  the  Igarapes  Cachoeirinha,  Castel- 
hana,  and  western  end  of  the  Cearense  Swamp  suffer  from  malaria 

and  can  be  ranked  as  indigenous  cases. 

These  people  may  be  attending  the  dispensary  of  the  Santa  Casa, 
but  generally  they  do  not  do  so,  preferring  to  take  an  occasional  dose 
of  quinine  or  to  treat  themselves  with  one  of  the  numerous  proprietary 
medicines  of  which  there  is  an  enormous  sale  in  North  Brazil.  It  is 
quite  common  to  find  a  poor  native  with  four  or  five  brands  of  pills 
in  his  possession,  squandering  the  money  which  ought  to  provide  him 
with  nourishing  food  on  a  small  phial  of  expensive  ‘  silver-gilt  ’  pills. 

Malaria  is  most  prevalent  during  the  period  of  February  to 
November ;  the  number  of  cases  begin  to  increase  some  two  months 
after  the  commencement  of  the  ‘  rains  ’  (p.  9)  and  the  rise  of  the 
Rio  Negro  (vide  chart).  The  mortality  is  greater  during  the  months  o 
June,  July,  and  part  of  August.  It  is  in  these  months  that  the  wards 
of  the  Santa  Casa  are  overcrowded  and  the  cases  of  pernicious  malaria 
most  numerous.  In  this  period  many  of  the  imported  cases  from 
up-river  arrive  in  Manaos. 

The  parasites  infecting  the  children  and  adults  are  malignant 
tertian ,  benign  tertian  and  quartan ,  this  last  type  being  always 
imported.  Malignant  tertian  ( Plasmodium  praecox)  are  the  prevailing 
parasites,  and  their  destructive  effect  can  be  witnessed  on  all  s.des  ; 
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in  the  children  with  chronic  malaria,  cerebral  convulsions.  etc  ;  in 
the  adults  in  the  cachectic  state  and  in  the  large  number  of  pernicious 
cases.  In  children,  crescents  are  not  hard  to  find  and  this  was  the 
case  with  all  our  patients ;  quite  80  per  cent.  <>f  OUT  malignant  tertian 
cases  harboured  gametocytes,  often  in  very-  considerable  numbers. 

Benign  tertian  (Plasmodium  vivax )  is  fairly  common,  and  was 
found  in  about  20  per  cent,  to  25  per  cent,  of  our  patient-  Many 
cases  of  double  tertian  infection,  causing  a  quotidian  tvpe  of  fever, 
occur  in  Manaos,  and  a  certain  amount  of  confusion  has  occurred  m 


the  diagnoses  until  microscopic  examination  determined  if  the 
quotidian  fever  is  due  to  PI.  fraecox  or  PI.  vivax. 

Quartan  (. Plasmodium  malariac)  parasites  were  rarely  cncoun 
tered  in  our  patients  ;  in  fact,  all  our  specimens  were  obtained  from 
cases  coming  from  the  Rio  Purus,  Rio  Japura,  and  Rio  Madeira. 

The  clinical  types  of  fever  are  quotidian,  tertian.  Continuous  and 
quartan.  Bilious  remittent  fever  type  is  not  ran-  Algid  and  cerebnd 
types  are  quite  common.  Pneumonia,  dysentery,  haemorrhagic 
purpura,  nephritis,  neuritis,  optic  atrophy,  have  all  been  seen  and  are 
due  to  malignant  tertian  parasites. 

Many  of  the  rivers  of  the  State  are  famed  for  the  extreme 
mahgnancy  of  them  malarial  fevers  and  the  resistance  of  these  to 

noted  f  he,  103  Acre>  Javar>''  Madeira  and  Coary  have  long  been 
noted  for  such  types  of  fever,  and  examples  of  their  malignancy 

o  f  ver  “h  "  Sama  C“a  HOSP'tal  A  '******  <>T* 

eL  eme  de™  f  en°rmOUS  °f  «=»«»*  "Suiting  *  » 

?  encountered » caSeS  c«,nS  („  ** 

resistance  to  quinine"  but  we  c^not  clrttfy  to^a"  "  “  phe"0mCnal 

m  ’sr  7^7-  “ 

seen  in  Manaos.  We  have  seen  ' ,SeaSC  ^  ^  t0  haVC  bcen 
haemcglobinuria  in  Manaos.  In  T  ^  ^  °f  genuine  endemic 
observed  attacks  in  a  man  u  ,  ^Ultos  and  Manaos  we  have 
the  disease.  A  special  waMi  °  rCCentIy  sufTered  in  Africa  from 
the  urines  of  all  malignant  ^  f°F  CaSCS  °f  this  disease  and 

Javary  and  Madeira  rivers  were  rolWt^8!  eSpedally  those  from  the 
to  find  any  of  the  characteristic  symptoms’  "  ^  ^ 

W' a.  tatai*,,.., 


quarter  of  1909 
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cases  of  typical  blackwater  fever  have  occurred  amongst  the  people 
employed  in  constructing  the  Madeira-Mamore  Railway  in  the  vicinity 
of  Porto  Velho  on  the  Rio  Madeira.  During  1908  we  had  opportunity 
of  observing  many  severe  cases  of  malaria  which  were  brought  fi  om 
the  Madeira-Mamore  Railway  to  Manaos  and  treated  in  the  wards 
of  the  Santa  Casa,  but  we  failed  to  find  a  case  of  blackwater  amongst 
these  men,  either  in  the  wards  or  post-mortem  room.  Among  the 
working-force  are  Cubans  and  workmen,  engineers,  etc.,  brought  from 
Cuba  and  the  Isthmus  of  Panama,  both  blackwater  fever  regions. 
These  men  were  brought  to  the  Madeira  river  about  1908.  It  is  of 
interest  to  record  that  the  Booth  Steamship  Company*  in  its  long 
connection  with  the  Amazon  region,  never  carried  a  case  of 
blackwater  until  November,  1909,  when  a  severe  case  was  observed  in 
a  Spaniard  who  had  been  working  up  the  Madeira  river  in  the  railway 
camp.  We  hear  that  other  cases  have  been  treated  m  Manaos 

(1909-10.) 

YELLOW  FEVER 

This  disease  in  1856  attacked  two-thirds  of  the  population  of  the 
State;  in  1861  another  epidemic  occurred.  The  fever  appears  to 

have  been  severe  in  1 899  and  1 900. 

For  the  foreigner  this  is  the  most  serious  of  all  the  diseases  to 
which  he  is  liable  in  Manaos.  The  foreign  population  of  the  State  is 
chiefly  resident  in  Manaos,  and  the  number  of  foreigners  is  sufficiently 
large  to  make  the  disease  a  very  serious  one. 

We  have  already  reported  the  overcrowding  which  prevails  in 
certain  of  the  streets  of  the  city.  These  houses  and  barracks  arc 
mostly  inhabited  by  Portuguese,  Italian  and  Spanish  labourers,  ?nc  a 
great  many  of  the  newly  arrived  immigrants  settle  in  these  streets 

until  employment  is  secured  or  a  home  arranged  for. 

We  have  shown  that  Siegomyia  calofus  abounds  in  all  quarters  o^ 
the  city  and  that  its  existence  in  such  numbers  is  due  largely  to  t  tie 
habits  of  the  citizens.  The  foreigner  is  equally  culpable,  as  his  house 
or  office  provides  numerous  breeding  places  for  the  mosquito. 

We  acknowledge  the  efforts  of  the  sanitary  authorities  to  stamp 
out  this  disease.  They  inspect  the  houses  and  endeavour  to  abolis  1 

*  By  permission  of  Dr.  Melville  Davidson,  Medical  Superintendent,  Booth  Steam¬ 
ship  Company. 
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the  breeding  places  of  the  Stegomyia.  It  is  only  when  one  attempts 
to  fight  this  mosquito  that  a  comprehension  of  the  difficulties  to  be 


surmounted  is  really  gained. 

Stegomyia  calopus  is  essentially  a  house  mosquito.  The  female  is 
not  a  ‘  rover  ’  and  keeps  to  a  small  area  provided  that  she  can  obtain 
blood.  She  will  lay  her  eggs  in  all  kinds  of  receptacles  capable  of 
holding  water,  in  fact,  she  often  appears  to  choose  the  most  unlikely 
places.  The  larvae  and  nymphae  require  a  very'  small  quantity  of 
water  and  appear  to  be  far  more  hardy'  than  many  of  the  other 
Culicinae. 

The  average  dwelling-house  or  office  in  Manaos  affords  the 
Stegomyia  an  excellent  propagating  place  receptacles  containing 
water  abound  in  the  houses  and  backyards,  underneath  the  floors, 
and  in  the  various  other  places  which  we  have  already  enumerated 
The  climatic  conditions  of  Manaos  are  ideal  for  the  breeding  of  the 
mosquito.  There  is  plenty  of  rain,  the  humidity  is  considerable,  the 


temperature  is  suitable,  the  breeding  spots  are  ready',  yui  oi  tnese 
conditions  are  present  throughout  the  year.  Certain  months  are 
especially  favourable  for  the  development  of  the  young,  viz, : 
September  to  January. 

For  the  propagation  of  the  disease  there  are  numerous  female 
Stegomyia  all  prepared  to  feed  on  a  yellow  fever  patient.  The 

°®°rt™ltie'  . for.  doin£  50  are  numerous,  as  the  class  mostly 
aflheted  by  this  disease  are  careless  in  the  use  of  the  mosquito  net. 
there  is  a  net  it  may  be  torn  or,  more  probably,  it  will  not  be  used 

sZf  /  T  been  50  °ften  verified'  *  “  ‘he  young  female 

dShe  7  T  A  raVen°US  f°r  f°°d’  fli“  "bout  L  bites 
during  the  day  tune.  Hereafter  she  is  more  cautious  and  will  bide 

oeAt7hr  t0bite  dUrmg  “le  ^nce  -c! 

any  non-immune  who  lives  mrtie  city  ' p' ^  ^  ^  dangerous  for 

or  sleeps  without  a  mosquito  net.  OPer  “  “  mlscreened  house 

for  the  development  ^f  The  ^ycle  Athe’"  ,emperatUrC  15  ret>aisi,e 
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latter  part  of  June,  July  and  the  first  half  of  August  are  the  months 
with  few  cases.  Occasionally  it  has  happened  that  we  have  seen 
no  cases  for  four  to  six  weeks,  and  consequently  our  experimental 
work  has  been  seriously  hampered.  From  September  to  January  the 
cases  appear  to  increase  gradually  ;  February  and  March  may  show  a 
fall,  and  the  number  may  continue  to  fall  or  rise  again  in  the  latter 
part  of  May. 

The  source  from  which  the  female  Stegomyia  obtains  her  infection 
is  the  labouring-class  foreigner  and  the  native  child. 

We  deplore  the  custom  of  the  laity  in  attempting  to  treat  cases 
of  fever  occurring  among  their  friends  and  relatives.  The  Portuguese, 
Italian  and  Spanish  nationalities  form  the  preponderating  foreign 
labourer  class  in  Manaos,  and  therefore  they  are  the  greatest  offenders. 

Should  a  foreigner,  especially  a  new  comer  and  non-immune, 
exhibit  malaise,  headache,  pain  in  the  back  and  lower  limbs,  a 
tendency  to  nausea  and  some  fever,  all  early  symptoms  of  the  disease, 
instead  of  calling  in  a  doctor  to  diagnose  and  treat  the  case,  home 
remedies  are  given.  Sometimes  a  purge  is  taken,  but  unfortunately 
it  is  not  generally  administered  ;  food  is  not  withheld,  and  the  patient 
may  force  himself  to  eat  the  most  unsuitable  food  for  one  in  bis 
condition ;  a  sharp  mustard  plaster  to  the  calf  of  each  leg  is  applied 
and  kept  on  until  large  blisters  are  formed.  1  his  is  supposed  to  be 
an  excellent  remedy,  and  is  almost  universally  used.  The  patient 
may  lie  in  bed  or  attempt  to  go  about  his  work ;  in  any  case  he  is 
unscreened  and  exposed  to  the  bites  of  the  hungry  Stegomyia — thus 
during  the  first  few  days  of  his  illness,  the  only  period  of  the  disease 
at  which  he  is  a  source  of  infection,  he  serves  to  nourish  and  infect 
the  numerous  Stegomyia  which  have  taken  up  their  abode  in  his 
surroundings. 

As  the  disease  progresses  and  the  symptoms  become  more  and 
more  defined,  his  condition  becomes  worse,  and  a  doctor  is  called  in 
at  the  end  of  the  third  or  fourth  day.  Of  what  use  is  it  to  screen  him  ? 
The  period  of  infection  is  passed,  his  blood  is  no  longer  infective,  the 
appetite  of  the  Stegomyia  is  already  satiated.  Probably  the  first 
three  days  of  the  disease  are  completed :  the  days  which  are  so 
important  for  the  doctor,  for  it  is  the  management  and  treatment  of 
a  yellow  fever  patient  during  these  three  days  which  materially 
influence  the  ultimate  result.  Of  what  use  is  it  to  call  a  doctor  or  to 
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come  to  the  hospital  if  the  patient  is  already  in  the  throes  of  black 
vomit  and  exhibiting  the  prodromal  symptoms  of  anuria  5  One  of 
the  saddest  sights  that  can  be  continually  seen  in  the  hospitals  is  the 
entry  of  patients  on  the  fourth  to  fifth  day  of  the  disease  in  a 
moribund  condition.  Many  of  these  people  would  have  recovered  if 
only  they  had  summoned  a  doctor  or  applied  to  the  hospitals 
Numerous  Stegomyia  woyld  have  remained  un-infeeted  and  conse¬ 
quently  there  would  be  far  less  possibility  of  other  foreigners  and 
non-immunes  becoming  infected,  as  the  number  of  infe  :ted  Stegomyia 
would  be  greatly  lessened. 

Why  should  such  a  condition  prevail  ?  Is  it  the  fault  of  the  doctors 
and  hospitals,  the  sanitary  authorities,  or  the  patient? 

It  is  not  the  fault  of  the  doctors  and  hospitals,  as  they  continually 
urge  the  necessity  for  early  treatment.  It  is  not  for  lack  of  the 
necessary  fees,  because  a  doctor,  after  the  first  visit,  will  advise  an 
indigent  patient  to  go  to  the  hospital.  The  hospitals  are  ready  and 
willing.  The  Hospital  da  Benificencia  Portugueza  has  a  screened 
ward  especially  kept  for  the  reception  of  yellow  fever  '  suspects,’  where 

the  patient  remains  until  all  doubts  as  to  the  diagnosis  of  the  disease 
are  cleared  up. 


The  sanitary  authorities  publish  from  time  to  time  the  by-laws 
relating  to  yellow  fever.  All  cases  of  the  disease  must  be  immediately 
eported  under  penalty  of  a  fine.  This  is  not  sufficient  The  by-laws 
Should  be  amended  to  the  effect  that  all  cases  of  fever  occurring  in 
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All  foreign  immigrants  arriving  in  Mandos,  should  notify  the 
Sanitary  Department  their  place  of  residence,  occupation  or 
trade,  and  to  each  one  should  be  delivered  a  copy  of  the  by-laws 
relating  to  screening  of  fever  cases. 

The  foreigners  of  the  business  class  are  accustomed  to  call  in  a 
doctor  at  once,  as  they  realise  the  seriousness  of  yellow  fever  and  the 
benefit  derived  from  early  treatment.  The  regulations  would  not 
inconvenience  them,  but  they  and  their  doctors  would  be  compelled  to 
send  early  notification  of  ‘  fever  ’  cases,  and  the  diagnosis  made  to 
the  responsible  authorities. 

The  classes  that  would  benefit  by  the  regulations  would  be  the 
foreign  labouring  classes:  the  very  ones  who  by  their  ignorance  of 
the  danger  from  the  Stegomyia  mosquito  and  the  non-screening  of 
‘fever’  cases,  greatly  assist  in  the  continuance  of  yellow  fever  in 
Manaos. 

We  believe  that  after  a  few  sharp  fines  had  been  administered  a 
salutary  lesson  would  have  been  learnt  and  the  screening  of  all  fever 
cases  would  be  performed  as  a  matter  of  course,  even  in  houses  where, 
under  normal  conditions,  the  use  of  mosquito  nets  was  not  universal. 
A  further  advantage  would  be  that  cases  of  malaria  in  the  gametocyte 
stage  would  be  protected  from  infecting  the  Anophelines. 

In  reality  there  would  be  very  little  hardship  from  such  ordinance, 
as  the  majority  of  the  Brazilian  and  foreign  residents  use  mosquito 
nets.  They  are  accustomed  to  use  the  net  only  during  the  night. 
Hence  the  law  would  compel  the  sick  to  be  screened  day  and  night. 
For  the  very  poor  residents  who  have  not  the  money  to  afford  a  net 
the  hospitals  are  the  proper  place. 

We  admit  that  the  difficulties  will  be  great,  but  only  for  a  time. 
After  a  short  period  all  the  inhabitants,  including  the  labouring-class 
foreigner,  would  become  aware  of  the  fact  that  non-compliance  with 
the  screening  regulation  entailed  an  immediate  fine.  Secondly,  the 
non-immune  would  learn  that  the  more  the  cases  of  fever  remained 
unscreened,  the  greater  would  be  the  number  of  yellow  fever  cases, 
and  for  his  own  protection  he  would  compel  the  ‘  fever  ’  sick  to  use  a 
net.  Man  is  of  a  selfish  nature,  and  the  desire  to  live  is  predominant 
in  every  normal  person.  Let  the  lower  classes  learn  to  fear  yellow 
fever,  teach  them  the  ways  to  avoid  the  disease,  and  one  of  the  main 
difficulties  will  have  been  overcome. 
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Brazilians  arriving:  from  non  yellow  fever  States  occupy  the  same 
position  as  do  the  foreigners.  They  are  non -immuncs,  and  are 
susceptible  to  the  disease.  We  have  attended  cases  of  the  disease 
occurring  in  natives  and  Indians  from  the  Acre  and  Purus  districts, 
and  in  children  and  adults  coming  from  southern  parts  of  tin*  Republic. 

The  Brazilian  child  is  susceptible  to  yellow  fever,  and  we  have  had 
opportunities  of  studying  the  disease  in  infants  and  young  children 
from  one  to  two  years  of  age.  The  symptoms  are  of  such  a  character 
that  a  diagnosis  can  only  be  made  with  extreme  difficulty.  In  the 
average  case  the  mildness  of  the  symptoms  cannot  attract  the  attention 
of  the  mother.  Irritability,  crying1,  mild  bilious  vomiting  associated 
with  slight  fever  in  an  infant  only  a  few  months  old  is  almost  always 
ascribed  to  gastric  disturbances.  flic  more  so  as  the  infant  recovers 
in  a  few  days.  With  children  there  may  be  languor,  possibly  head¬ 
ache,  disinclination  to  eat,  mild  fever,  and  possibly  vomiting;  the 
child  may  be  up  and  moving  about,  its  urine  may  or  may  not  contain 
albumin  and  casts  ;  thirst  is  always  pronounced  ;  vomiting  may  be 
absent,  but  it  is  only  when  ‘‘black  Vomit  ‘  occurs  that  the  parents 
have  any  idea  of  the  child’s  disease. 

\\  ith  such  vague  and  insidious  symptoms  it  is  not  astonishing 
cHndre°nPreCaUti0nS  ^  tal<Cn  toprcvent  Stegomyia  from  biting  these 


We  have  been  fortunate  to  see  a  number  of  mild  cases  resembling 
nfluenza  gastric  disturbance,  etc.  with  fever  of  the  types  so  well 
desenhed  by  Marchoux  and  Simond  •  Our  own  attach', n  j,  was 
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is  our  intention  to  defer  the  publication  of  our  clinical  report  until 
we  can  present  a  more  complete  monograph  embracing  the  patho¬ 
logical  and  experimental  work  of  the  laboratory.  Autopsies  have 
been  practised  on  all  the  available  material  and  careful  records  kept 
of  the  numerous  cases  seen  during  our  residence  in  Manaos. 

Ronald  Ross*  has  always  pointed  out  that  ‘  a  locality  is  malarious 
only  when  it  contains  persons  already  infected  with  the  parasite,  and 
also  sufficient  numbers  of  the  proper  species  or  varieties  of 
Anophelines  to  carry  infection  to  healthy  persons.’  Gorgas.t  in  his 
anti-yellow  fever  work,  terms  this  the  yellow-fever  ‘point,’  and 
contends  that  a  certain  proportion  of  Stegomyia  mosquitos  must  be 
present  in  a  locality  for  the  spread  of  yellow  fever.  If  the  number  of 
Stegomyia  remain  above  this  ‘  point,’  the  locality  will  continue  to 
have  yellow  fever  as  long  as  non-immunes  are  present,  no  matter  how- 
much  fumigation  is  done  or  how  carefully  the  sick  are  isolated.  If 
anti-stegomyia  measures  are  vigorously  carried  out  and  the  Stegomyia 
so  reduced  in  number  that  they  are  below  this  point,  then  yellow  fever 
disappears  Gorgas  thus  explains  the  success  of  the  Havana  and 
Panama  measures,  and  the  reason  why  so  long  a  period  elapsed 
between  the  active  starting  of  the  campaigns  and  the  stamping  out 
of  yellow  fever  in  these  places. 

Can  Manaos  be  freed  from  yellow  fever  ? 

We  see  no  reason  why  yellow  fever  should  not  be  absolutely 
stamped  out  of  the  whole  of  the  Amazon  district  and  the  cities  of 
Para  and  Manaos  in  Brazil  and  Iquitos  in  Peru  freed  of  this  scourge. 

To  attain  freedom  from  yellow  fever  will  take  time  and  money, 
and  it  will  require  the  active  co-operation  of  the  authorities,  the 
Brazilian  and  the  foreign  residents  of  the  city.  Stegomyia  will  have 
to  be  continually  attacked.  War  cannot  be  waged  against  this 
mosquito  for  a  few  months  only.  It  must  be  fought  throughout  the 
whole  year.  We  do  not  have  to  go  outside  of  Brazil  to  find  an 
example  of  what  can  be  accomplished  in  fighting  yellow  fever.  The 
city  of  Rio  de  Janeiro  was  a  veritable  *  inferno,’  but,  thanks  to 
Oswaldo  Cruz,  yellow  fever  is  conquered.  We  know  of  no  more 
striking  example  of  what  sanitation  can  accomplish  than  is  evidenced 

Ross,  Ronald.  Report  on  the  prevention  of  malaria  in  Mauritius,  1909. 

..  ^  Gorgas,  w.  C.  Method  of  the  spread  of  Yellow  Fever.  Proceedings  of  Canal 

Zone  Medical  Association,  1908. 
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by  the  mortality  statistics  of  Rio.  Only  a  few  years  ago  thousands  of 
deaths  were  due  to  yellow  fever  ;  to-day  Rio  de  Janeiro  is  absolutely 
free  of  cases  of  this  disease. 

The  man  who  accomplished  such  a  miraculous  change  experienced 
a  difficult  time.  The  citizens  did  not  appreciate  his  methods  and 
desires,  his  opponents  were  numerous  and  the  methods  they  used 
were  various.  Only  his  dogged  determination  in  continuing  thcanti- 
stegomyia  measures  saved  Rio  from  remaining  a  plague  spot.  To  day 
his  name  is  honoured,  and  the  largest  and  most  progressiv  e  Bacterio¬ 
logical  and  Medical  Institute  in  South  America  is  the  Instituto  de 
Oswaldo  Cruz. 

W  e  do  not  believe  that  Stegomyia  reduction  will  prove  so  difficult 
in  Manaos  as  it  was  in  Rio.  It  is  not  such  an  old  city.  The  streets 
are  wider,  the  buildings  are  not  so  cramped  as  in  the  old  yellow  fever 

quarter  of  Rio.  Manaos  has  not  the  number  of  foreign  emigrants 
that  Rio  had. 


It  is  to  the  interest  of  the  State  of  Amazonas  that  Manaos  should 
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certain  that  other  yellow  fever  centres  in  Brazil  will  follow  the  example 
of  Rio,  Santos,  etc.  Let  Manaos  and  Para  be  in  the  front  rank  and 
prepared  to  reap  the  benefits  which  will  occur  from  a  yellow  fever-free 
city  and  improved  hygienic  conditions. 

Manaos  possesses  a  Director  and  a  Sanitary  Service.  They  have 
done  their  best  to  improve  the  hygienic  conditions  and  to  stamp  out 
yellow  fever  from  the  city.  Much  has  been  accomplished,  and  there 
has  been  a  considerable  diminution  in  the  number  of  yellow  fever 
cases.  We  have  seen  various  foci  abolished.  Much  work  has  been 
performed  with  little  money. 

If  the  present  Director  and  personelle  are  allowed  a  fair  amount 
of  money  and  freedom  of  execution  they  will  be  able  to  put  into 
operation  the  methods  which  have  proved  so  successful  in  Rio, 
Havana,  Panama  and  New  Orleans. 

Gorgas  claims  that  the  most  expeditious  and  certain  method  of 
freeing  a  place  from  yellow  fever  is  by  waging  war  on  the  Stegomyia 
and  reducing  the  numbers  to  below  the  yellow  fever  ‘  point.’  Fumiga- 
gation  and  isolation  should  be  practised,  but  the  main  efforts  should  be 
concentrated  on  reducing  the  number  of  Stegomyia  breeding  in  the 
place.  In  the  long  run  this  will  prove  less  expensive  and  will  be 
easier  of  execution  in  Manaos. 

Manaos  has  a  pipe-borne  water  supply  and  a  good  drainage  system, 
two  most  valuable  adjuncts  in  any  anti-mosquito  campaign.  The  area 
of  Manaos  proper  is  not  extensive ;  the  work  can  therefore  be 
concentrated. 

We  have  already  experienced  what  can  be  accomplished  by  a  small 
brigade.  The  Manaos  Harbour,  Limited,  and  the  Booth  Company 
in  1908  put  one  to  three  men  on  anti-mosquito  work,  specially  to 
look  after  the  precincts  of  their  warehouses,  offices,  workshops,  docks 
and  lighters.  We  supervised  the  earlier  inspections,  and  have  verified 
the  enormous  diminution  in  the  number  of  mosquitos  and  breeding 
spots.  At  first,  the  results  were  not  satisfactory,  as  the  mosquito 
‘  point  ’  had  not  been  reached,  but  later  on  the  figures  were  highly 
gratifying.  If  such  measures  were  instituted  on  a  larger  scale,  the 
benefits  would  be  experienced  by  all  the  firms  and  residents  of  the 
neighbourhood. 
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ANKYLOSTOMIASIS 


This  is  one  of  the  most  prevalent  diseases  in  the  State,  and  aU 
parts  of  the  Amazon  region  appear  to  be  infected. 

In  1906  we  reported  on  the  seriousness  of  the  disease,  as  observed 
by  us  in  Iquitos,  Peru.  We  found  all  classes  of  the  Peruvians  to  be 
infected,  and  vve  believed,  from  examination  of  the  Indians,  that  the 
country  right  up  to  the  base  of  the  Andes  was  infected  with  this 
parasite. 

In  Manaos  vve  have  made  a  large  number  of  examinations,  and 
from  our  results  we  estimate  that  quite  88  per  cent,  of  the  population 
of  the  State  of  Amazonas  harbour  the  parasite.  All  classes  of  the 
community  show  infection. 


Number 

examined 

Number 

infected 

Percentage 

Hospital  Patients — 
Children 

*93 

Adults  . . . 

. 

180 

93-26 

•  •  •  *  •  • 

783 

691 

88-25 

Indigent  Class — 
Children 

Adults  . . . 

452 

433 

9579 

Better  Class — 

•  •  • 

398 

394 

98-99 

Children 

Adults  . . . 

••• 

+19 

405 

96-65 

F oreigners — 

490 

378 

77**4 

Labouring  class 

187 

69 

Better  class 

"1 

123 

6577 

- - - ________ 

______  "| 

28 

40-57 

t  otal  examined  . . . 
total  infected 

2,991 

Children  infected 

--  95-67  % 

•  87-55% 

-  9°7I% 

Percentage  infected 

2.632 

87-99 

Adults  infected  ... 
Brazilians  infected 

and  show  that  the  soil  must^e  h  ^  °bservations  in  Iquito: 

The  parasite  has  i™ c  he™lly  lnfected. 
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greater  anaemia  than  childrei 
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in  the  city.  In  the  Santa  Casa,  typical  examples  of  the  disease  are 
nearly  always  to  be  seen.  The  stunted,  vacant-looking,  bloated, 
anaemic  child  with  a  protuberant  abdomen  is  a  common  sight.  Severe 
anaemia  and  slight  oedema  are  frequent  symptoms  in  adults. 

The  general  public  do  not  appear  to  understand  the  dangers 
arising  from  infection  with  this  nematode.  All  of  our  severe  cases 
of  malaria  exhibited  considerable  intoxication  due  to  this  cause,  which 
materially  retarded  convalescence.  We  have  not  to  wait  until 
symptoms  are  pronounced  to  realise  how  seriously  the  health  of  the 
people  is  influenced  by  harbouring  ankylostomes.  Both  children  and 
adults  exhibit  the  lassitude,  disinclination  to  work,  the  inability  to 
continue  strenuous  exercise  for  long  periods,  the  susceptibility  to 
gastro-intestinal  disturbances,  the  lowered  resistance  to  disease  and 
proneness  to  manifest  severe,  and  sometimes  grave,  complications 
when  attacked  by  mild  diseases ;  all  of  which  are  the  result  of  infection 
with  Necator  americanus. 

This  disease  should  be  feared,  because  of  the  danger  of  neglect  of 
treatment  until  the  symptoms  have  become  pronounced,  or,  more 
probably,  because  the  constitution  of  the  individual  has  been  so 
weakened  and  undermined  that  he  can  fall  an  easy  victim  to  any  of 
the  diseases  prevailing  in  the  State. 

Malaria,  tuberculosis,  dysentery  and  other  diseases  are  seen  in 
particularly  severe  forms  in  patients  evidencing  the  toxic  symptoms 
caused  by  the  worm. 

The  habits  of  the  people  are  responsible  for  the  spread  and  general 
infection  of  the  soil  by  this  parasite.  Public  latrines  in  Manaos  are 
absent ;  and  therefore  vacant  lots  or  side  streets  are  used  for  the 
committing  of  nuisances.  In  the  suburbs  there  exists  no  system  of 
drainage  ;  only  a  few  of  the  houses  possess  dry  earth  closets  or  privies 
The  natural  functions  must  be  performed ;  and  therefore  the  ground 
in  the  neighbourhood  of  the  habitations  is  soiled  by  the  evacuations 
of  the  residents  of  the  locality.  The  native  usually  chooses  the  belt 
of  undergrowth  at  the  edge  of  his  clearing,  but  often  in  wet  weather 
the  earth  immediately  around  or  even  inside  the  hut  will  be 
contaminated  by  the  occupants. 

The  vicinity  of  the  washing-pools,  the  undergrowth  along  the 
footpaths  commonly  used  by  the  people,  the  banks  of  the  igarapes 
and  ravines  are  all  contaminated  by  excreta. 
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worm. 


The  climatic  conditions  are  favourable  for  the  development  of  this 
rm,  and  the  custom  of  the  people  to  go  about  bare-footed  or  wearing 
light  shoes  causes  the  skin  of  the  feet  and  ankles  to  be  continually 
dirtied.  The  children  during  their  earlier  years  run  about  naked,  and 
are  always  rolling  on  the  ground. 

Some  patients  can  give  a  history  of  ground  itch  OO  wring  between 
the  fingers  and  toes,  but  usually  no  such  symptoms  have  been  observed 
Children,  especially  of  the  poorer  class,  suffer  from  ’  Amazon  boils,' 
which  occur  about  the  ankles  and  lower  part  of  the  shins.  They 
persist  for  some  time  and  create  large  scars.  It  is  ]x>ssible  that  these 
boils  are  only  an  intensified  form  of  ground  itch  which,  through 
scratching  and  carelessness  in  cleansing,  become  infected  with  cocci 
and  develop  into  chronic  ulcers.  We  have  examined  portions  of 
several  ulcers,  but  nothing  specific  was  observed. 

We  have  been  impressed  with  the  severe  symptoms  present  in 
many  of  our  patients,  in  spite  of  the  fact  that  they  harboured 
comparatively  few  parasites,  and  we  agree  with  other  observers  as  to 
the  toxic  symptoms  observable  in  these  cases,  which  are  altogether 
out  of  proportion  to  the  number  of  worms  found  in  the  intestine. 

Our  patients  have  exhibited  the  ordinary  symptoms  noticed  by 
all  observers.  We  would  call  attention  to  a  rather  rare  form.  A 
patient  in  apparently  good  health  will  be  seized  with  a  rigor.  The 
temperature  will  rise  to  39  5°  or  40“  C.,  to  fall  after  a  few  hours  to 
normal  or  subnormal,  or  moderate  fever  may  continue  for  one  to  two 
ays.  In  one  adult,  two  epileptiform  seizures  occurred,  attended  by 

n^ZnSe  ‘eTratUre'  ExaJninati°«  of  the  blood  will  show  a 
eOSln°PhlI‘a'  but  no  evidences  of  malaria  ;  there 
nay  be  slight  and  transient  albuminuria  and  r  u 

an  enormous  number  of  ankylostome  Th  ?  “  ' 

seDtic  and  email  a  c  ,  16  «ymol,  an  intestinal  anti- 

eat”  re  Tot  "  W‘U  ****  P^ents. 

Children  of  six  to ”1““^  of ““  ^  f<"“d  at  a"  ^ 

acquire  this  habit.  Other  .LeftL^ld  ^ 

such  idiosyncrasies  as  eatino-  o  d,  ^lldren  maT  develop 

drmkmg  filthy,  even  stinking,  swam^ate'r  'eather'  “ 

die  from  an  mtercurr™*  mfcttk.T  ’*  UnCertain’  as  nlany  ‘he  cases 

Ankylostommms  ,s  a  sattsfactory  d.sease  to  ^  as  ^ 
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medication  is  generally  followed  by  marked  improvement  m  the 
condition  of  the  patient,  in  which  the  outward  and  visible  signs  can 
be  noticed  by  the  patient  and  his  friends.  In  the  case  of  undersized, 
imbecile  children,  the  improvement  can  be  so  marked  that  it  must  be 
seen  to  be  believed.  We  have  seen  a  veritable  idiot  transformed 
into  a  bright,  active  child :  a  change  which  impresses  the  patients, 
and  is  a  valuable  aid  in  persuading  other  patients  to  take  treatment. 

We  have  used  thymol,  beta-naphthol  and  Mons’  mixture  of 
chloroform-eucalyptus.  For  children  we  prefer  to  give  thymol  or 
beta-naphthol  in  small  doses,  as  the  drowsy  condition  induced  by  the 
chloroform-eucalyptus  mixture  is  apt  to  alarm  the  parents.  When 
there  is  much  weakness,  oedema,  or  cardiac  dilatation  present,  the 
treatment  must  be  carried  out  with  caution.  Beta-naphthol  has  not 
acted  well  in  our  hands  and  is  not  to  be  compared  with  thymol,  which 
is  an  excellent  and  reliable  drug.  The  simple  precautions  which  are 
advised  for  thymol  medication  should  be  observed ;  we  have  never 
seen  ill  effects,  and  the  patients  are  rapidly  cleared  of  ankylostomes. 
Only  severe  cases  require  to  be  treated  in  the  hospitals.  We  have 
found  it  advisable  to  superintend  the  treatment  of  a  person  in  a 
particular  district,  and  when  he  is  on  the  way  to  recovery  to  appoint 
him  to  supervise  the  treatment  of  the  other  local  patients. 

This  is  a  disease  which  should  be  actively  combated  by  the  State. 
Treatment  on  a  large  scale  should  be  carried  out  on  the  lines  of  the 
Porto  Rican  campaign.  Malaria  and  ankylostomiasis  should  be 
fought  together,  as  one  disease  influences  the  other.  We  have  the 
advantage  that  both  are  suited  for  treatment  in  clinics,  where  the 
patients  cannot  have  much  medical  supervision.  Severe  types  of  the 
disease  should  on  no  account  be  treated  in  the  district  clinics :  they 
are  the  suitable  cases  for  admittance  into  the  hospitals. 

BERI-BERI 

In  the  hospitals  a  great  number  of  cases  of  this  disease  are 
admitted  from  the  river  steamers  arriving  from  the  interior  of  the 
State.  The  Acre,  Purus  and  Javary  districts  furnish  many  cases. 
Manaos  proper,  as  well  as  the  suburbs,  supplies  many  examples  of 
this  malady. 

The  oedematous  type  is  the  most  common,  a  mixed  oedematous 
and  paralytic  form,  and  a  pure  atrophic  type,  are  both  frequently 
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seen.  The  galloping  type  occurs,  and  was  of  considerable  interest  tu 
us  in  the  year  1905,  and  again  in  1907,  because  "I  its  almost  epidemi 
character:  In  these  years  we  noted  more  casts  of  beri-beri  coming 
from  the  interior  of  the  State  and  suburbs  of  M.rnaos.  It  has seemed 
to  us  that  beri-beri  is  increasing  in  the  city,  the  suburbs,  and  the 
interior  of  the  State. 

We  have  seen  no  cases  in  children,  though  the)  said  t"  occur; 
all  our  patients  having  been  from  eighteen  to  fc>rt\  years  eld.  Over 
9°  per  cent,  were  males.  Brazilians  are  the  chiei  sufferers  from  this 
disease,  but  Portuguese  and  Spaniards  of  the  labouring  class  arc  a  Is.; 
liable  to  become  attacked. 

Ihe  better-class  foreigner  rarely  acquires  beri  beri  No  doubt 
this  is  largely  due  to  the  housing  conditions  and  their  preference  fur 
ordinary  European  diet. 

The  Brazilians,  so  long  as  they  avoid  overcrowding,  and  live  in  the 
city  under  hygienic  conditions,  and  partake  of  a  liberal  and  can  - 
diet,  remain  free  from  the  disease.  When  the  better-class  foreigner  or 
Brazilian  exposes  himself  by  living  in  overcrowded  quarters,  annd 
unhygienic  surroundings,  on  a  poor  and  monotonous  diet,  his  physical 
condition lowered  by  attacks  of  malaria,  ankylostomiasis  or  dysentery, 
the  possibilities  of  his  acquiring  beri-beri  are  very  great. 

We  do  not  intend  to  discuss  the  etiology  of  this  disease.  The 
following  points,  however,  may  be  of  interest-— 

®4r“’Tl  iS TeqUen‘  m  Pkces  wHere  *<*’  forms  an  insignificant 
portion  -of;. the  diet.*  In  the  gaol,  Where  35  per  cent,  of  the  deaths 

U.aiSWWVed  «“**<»  K-,  F.U.G.S.  ,  Beri-beri  me.  with  in 

*•  District? 

and  Brazil^  tnbutar-v  Negro,  N.VV.  Amazons  valley,  Colombia 

2-  Villages  on  river  or  inland? 

Tribe  oTndLns?""  "  UP°n  i8aiap&  leadiaS  into  main  stream. 

J£  Guainanos,  Tupi  Stock. 

PCOPle*  and  «  S°  ^  ^  whiles 

if ‘their1*  ST  °f  the  whose 

-  Vat  %er  havin&  br°ught  beri-beri  into  ^?ftricled’  nor  is  there  evidence 

5-  Nature  of  food  of  natives?  the  country- 
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are  due  to  the  disease,  the  prisoners  only  eat  beans  and  dried 
goat’s  meat  imported  from  Rio  Grande  do  Sul  and  Uruguay.  Very 
little  rice  is  used  in  the  Santa  Casa.  The  poorer  class,  in  the  suburbs 
and  in  the  interior  of  the  State,  prefer  farinha  (mandioca  meal)  to  rice. 
Beans,  salt-cod,  dried  meat,  plantains,  farinha  and  fruit  constitute  the 
diet  of  many  families,  and  yet  beri-beri  occurs.  Much  of  the  material 
used  up-river  is  old  and  mouldy,  but  this  does  not  apply  to  Manaos. 

Husked  rice  is  used  in  Amazonas  and  is  imported  in  sacks  from 
Rio  de  Janeiro  (arros  national)  and  from  Europe  (arros  carolino).  It  is 
well  washed  before  being  boiled,  and  is  cooked  for  a  long  time. 

We  have  devoted  considerable  time  to  the  investigation  of  this 
disease,  but  with  few  encouraging  results.  A  large  series  of  blood 
cultures ;  a  series  of  cultures  of  the  patient’s  own  colon  bacilli,  for 
agglutination  with  his  blood  serum,  and  cultures  of  organs  at  early 
post-mortem,  and  attempts  to  infect  chimpanzees  with  rice  or  with 
food  soiled  with  the  faeces  of  beri-beri  cases,  constitute  the  principal 

6.  Do  they  take  rice?  .  . 

No. 


7.  If  no  rice,  what  local  farinaceous  food? 

Principally  farinha  and  yuca. 

8.  Do  they  obtain  salt  meat  or  fish?  Can  salt  be  obtained  locally? 

'Fish  dried  in  the  sun  and  preserved  in  tough,  fibrous  leaves  tor 
varying  periods  of  time  is  used  extensively.  Salt  obtained  from  traders 
and  possibly  from  Indians  of  the  Kerary,  though  doubtful. 

9.  Roughly' give  diet  of  natives?  . 

Consume  very  large  quantities  of  paxiri.  Sun-dried  fish  eaten  raw, 
and  fish  broths  seasoned  to  a  fiery  strength  with  ahi,  into  which  are  dipped 
pieces  of  baked  cassava  bread.  Green  boiled  plantains  and  farm  . 
uncooked  or  boiled  to  a  viscous  consistency  known  as  mingai,  and  baked 
or  stewed  pupunhas.  This  varied  from  time  to  time  with  tapir,  monkey, 
agouti,  paca,  peccary,  and  worms. 

10.  Number  of  cases  seen?  - 

Three.  Two  men,  35  and  45  years  old  ;  one  woman,  20  years  old. 

11.  Native  ideas  of  the  disease?  (Do  the  natives  desert  the  sick  and  move  to 

another  village  or  hut?).  7,1 

Apparently  unable  to  differentiate  one  disease  from  another  e\en 
though  different  symptoms  manifest  themselves.  Sick  not  deserte  . 

12.  Is  there  a  possibility  of  beri-beri  having  been  introduced  from  some  infected 

district. 

No  evidence  of  such.  .  •  .  . 


•3- 
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Forms  of  Beri-beri? 

Paralytic.  Galloping. 

Treatment  by  natives?  '  .  , 

Removed  to  the  darkest,  least  used  or  unoccupied  portion  ot  the m“ 
to  be  cared  for  by  the  wife  or  nearest  women  relatives.  Hammock  siug 
very  low  to  ground.  Pages  or  medicine  men  practice  their  ritual  o  p  « 
incantations,  sucking  and  spitting  to  exorcise  the  tvil  h >\  , 

eventually  desist  as  the  patient  grows  worse  and  the  poor  wretch  is  leu 
fare  as  best  he  can. 
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part  of  our  work.  No  definite  conclusions  can  at  present  lx*  deduced 
from  the  data  acquired. 

More  fruitful  results  were  obtained  from  the  treatment  of  beri-beri 
patients.  The  removal  to  a  clean  dwelling,  disinfection  of  furniture 
and  clothes,  a  diet  consisting  largely  of  milk,  raw  eggs  and  raw  beef 
juice,  small  doses  of  calomel  followed  by  intestinal  antiseptics  —salol 
or  beta-naphthol — expulsion  of  ankylostomes  with  thymol,  and 
massage,  have  benefited  patients  who  could  not  afford  to  leave  the 
State  through  pressure  of  business. 

The  universal  practice  in  Manaos  is  to  send  the  patient  away 
immediately  the  diagnosis  of  beri-beri  has  been  established.  The 
Brazilians  are  sent  to  the  Southern  States  of  the  Republic,  the 
foreigner  to  Europe.  Delay  of  a  week  or  two  very  often  ends  in  a 
funeral  instead  of  a  sea  voyage.  Poor  patients  arc  assisted  by  the 
State  or  sent  to  Itacoatiara,  a  small  place  a  few  hours  from  Manaov 
Patients  with  chronic  debilitating  diseases  are  advised  not  to  remain 
in  the  wards  of  the  Santa  Casa,  where  they  expose  tl.rmsrhe?  to 
Contact  with  cases  of  beri-beri. 


The  etiology  of  beri-beri  is  so  obscure  that  it  is  highly  desn»„«. 
coHect  as  many  data  as  possible  regarding  the  disease  in  Brazil 
e  Societ6.de  Pathologie  exotique,  Paris,  has  appointed  a  Commis 
sion  to  enquire  and  collect  information  on  the  subject.  North  Bmz 
is  one  of  the  beri-beri  centres,  and  is  interested  in  the  problem  of  th. 

bv< tfcf . ,  f?Se-  Much  vaIuable  formation  e,  ,,,1,1  be  furnish* 

appoint!! ?  f°f  ArmaZ°naS  and  Pa-  We  would  recommend  th, 

ca!es  of  beri  l  !  C°mm,SS,0n  in  Ma"“s  to  collect  data  relating 
cases  of  beri-ber,  occurrmg  in  the  city  and  suburbs. 
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majority  of  caLTappear  tToctuT  inTh  ^  TT"  “  3nd 

Igarape  de  Cachoeirinha.  The  disease  „s  T  ’  al°ng  ^ 

Bacillary  dysenteries  usually  runs  a  severe  course. 

Prevalent  L^t^oZsT^T  ”  -d  are  particular 

cases  come  from  the  sXmhs  u  **'*** m  to  August.  Most  of  t> 
where  the  soil  is  polluted  by  the  e^  *  ^  ™  n°  draina£e  system,  ar 
infection  is  generally  of  a  ^  mhabitants'  T* 

m,Xed  bacillary  form,  but  we  have  ha 
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patients  suffering  from  a  pure  Shiga  or  Flexner  type,  agglutinating 
the  specific  sera.  Vaillard’s  anti-dysenteric  serum  was  used  with 
most  gratifying  results  in  several  acute  cases.  Unfortunately  we  were 
only  able  to  import  a  small  supply. 

ABSCESS  OF  LIVER 

Amoebic  dysentery  furnishes  a  few  cases  annually.  We  have  to 
record  the  extremely  rare  complication  of  liver  abscess  following  a 
severe  attack  of  yellow  fever.  Two  cases  occurred,  and  from  one  a 
bacillus  of  the  para-colon  type  was  isolated  from  the  pus.  Both 
patients  had  exhibited  exceptionally  severe  icterus,  which  had 
persisted  for  some  months  after  recovery  from  the  original  disease. 
The  abscesses  were  noted  six  and  ten  weeks  respectively  after 
convalescence.  No  history  of  dysentery  was  obtainable,  nor  was  it 
probable  that  these  patients  had  suffered  from  the  disease. 

DIARRHOEAS  OF  CHILDREN 

Infantile  diarrhoeas  are  of  frequent  occurrence  in  Manaos,  and  are 
the  cause  of  a  high  mortality.  The  suburban  child  is  probably  already 
infected  with  malaria  and  ankylostomes,  and  therefore  falls  an  easy 
victim  to  any  gastro-intestinal  affection.  The  diet  of  the  average 
child  of  the  respectable  poor  is  ill-adapted  to  sustain  and  nourish  its 
bodily  requirements. 

We  have  examined  the  faeces  of  many  children  suffering  from 
severe  diarrhoeas,  and  have  found,  in  a  child  of  four  years  of  age, 
enormous  numbers  of  Tyroglyphines,  which  were  voided  with  every 
evacuation.  Specimens  were  sent  to  England  for  identification,  but 
the  tubes  were  mislaid,  and  when  discovered  were  so  penetrated  by 
mould  that  identification  was  impossible.  We  have  had  two  cases  in 
adults  suffering  from  acute  enteritis,  accompanied  by  the  discharge  of 
much  blood ;  in  the  blood  clots  hundreds  of  small  acarines  were 
moving  about.  Both  patients  remembered  that  they  had  eaten  a  large 
amount  of  fruit,  over-ripe  bananas,  etc.,  and  one  of  them  had  subsisted 
on  mouldy  farinha.  All  the  patients  were  rid  of  these  pests  by 
irrigations  of  boric  acid  and  eucalyptus.  We  have  seen  acarines  in 
the  faeces  of  people  who  had  partaken  of  much  cheese.  These  were 
probably  Tyroglyphus  siro  L.,  and  in  these  latter  cases  no 
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inconvenience  was  experienced  from  the  presence  of  the  parasites 
Railliet,  in  his  Traite  de  Zoologies  p.  691,  states  that  acarinw  have 
been  found  by  various  observers  in  the  stools  of  children  suffering 
from  dysentery.  We  believe  these  acarines  are  responsible1  for  some 
of  the  severe  diarrhoeas  seen  in  children  and  the  point  would  he 
worth  investigating.  One  must  remember,  however,  that  varieties 
of  these  tiny  mites  abound  on  wood  and  other  things;  and  caution 
is  advisable  before  deciding  that  T yroglyphus  can  produce  diarrhoeas. 
In  the  case  of  the  child  and  one  of  the  men,  we  adopted  every 
precaution  and  found  the  parasites  in  successive  stools  and  the 
returned  fluids  of  the  clysters. 


*.  y-  .  TYPHOID  FEVER 

In  1907  we  performed  an  autopsy  on  a  Brazilian  wKo  had  died 
from  typhoid  fever.  A  small  outbreak  of  the  disease  occurred  in 
1908.  Cases  of  para-typhoid  were  seen  in  1908  ;  the  blood  of  the 
patients  reacted  typically  to  cultures  of  para-typhoid  A.  We  hope 
at  a  later  date  to  publish  observations  on  a  number  of  typhoid,  para¬ 
typhoid  and  para-colon  infections  which  occurred  in  Manaos  during 
1907  and  1908. 

Bacteriological  examinations  were  made  from  time  to  time  of 
the  water-supply  of  the  city,  the  cheap  ice-creams  and  fruit  drinks. 
The  results  are  to  be  embodied  in  a  later  report  to  the  authorities. 

s-  TUBERCULOSIS 

Pulmonary  tuberculosis  is  unfortunately  a  disease  which  appears 
o  be  gaining  a  strong  foothold  in  Manaos  and  the  poorer  class 
shows  a  steadily  increasing  percentage  of  infection 

avoairr'Th g  is  ,a  serious  evi1  in  Manfcs- This  “n  hardiv  be 

has  ,ncreased  far  more  “ 

to  w”in  smaUh’cT  hlgh’  -and  consequently  many  families  have 
the  irouses  Se  bad,  r  'u  dl"g  must  occur.  Many  of 

rooms  in  which  “d  P—  da* 

majority  of  the  hablt  which  «  practised  by  the 

verified  in  public  places  and  in 
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cafes.  In  the  hospital  great  difficulty  is  experienced  in  controlling 
the  public  patients  from  spitting  about  the  wards. 

The  authorities  have  a  separate  barrack  for  indigent  patients 
suffering  from  tuberculosis.  Unfortunately  before  this  building  was 
inaugurated  some  of  the  sisters  of  the  order  of  Santa  Anna  became 
infected  through  nursing  in  the  wards  of  the  Santa  Casa. 

Tuberculosis  appears  to  run  a  rapid  course  among  the  poorer 
class  natives  as  is  to  be  expected  since  they  suffer  from  overcrowding, 
insufficient  and  inappropriate  food.  Dried  goat’s  meat,  salt  cod 
and  beans  constitute  a  poor  diet  for  patients  suffering  from  this 
disease. 

We  believe  from  the  clinical  and  pathological  material  at  our 
disposal  that  tuberculosis  is  already  proving  one  of  those  dangerous 
diseases  which  are  attacking  the  people  of  the  interior  of  the  State. 

Many  of  our  cases  were  found  to  be  suffering  from  malaria,  and 
practically  all  of  the  indigent  class  harboured  Necator  americanus. 
With  a  combination  of  three  such  depressing  diseases  the  prognosis 
for  such  patients  is  very  gloomy. 

A  league  against  tuberculosis  is  active  in  Rio  de  Janeiro  and  it 
is  to  be  hoped  that  branches  will  be  formed  in  the  cities  of  Northern 
Brazil,  so  that  the  people  may  learn  the  elements  of  hygiene. 

PULMONARY  DISEASES 

Bronchitis  and  Pneumonia  are  frequently  met  with  in  the  rainy 
season.  The  prognosis  is  grave  in  cases  of  pneumonia. 

Pneumonia  occurring  in  patients  suffering  from  malaria  is  rare  ; 
the  cases  seen  were  all  infected  with  malignant  tertian  parasites. 
The  mortality  is  high.  Pneumonia  as  a  complication  of  yellow  fever 
is  fortunately  rare.  Lobar  pneumonia  occurred  in  nine  of  our  cases, 
and  was  responsible  for  seven  deaths. 

WHOOPING  COUGH 

Epidemics  of  this  complaint  attack  the  children  in  Manaos  and  in 
the  interior.  In  Iquitos,  Peru,  in  1906  we  found  over  50  per  cent,  of 
the  children  had  the  disease,  and  that  it  was  causing  serious  loss  of 
life  amongst  the  Indians  in  Peru.  Broncho-pneumonia  is  a  serious 
complication  and  causes  a  high  mortality. 
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STOMATITIS 

We  have  seen  several  cases  amongst  children.  All  were 
complicated  with  septic  pneumonia  which  proved  fatal.  Wc  have 
seen  malignant  stomatitis  in  a  man  from  the  interior.  The  disease 
involved  the  cheeks,  gums,  tongue  and  probably  the  posterior  nare- 

We  have  seen  no  cases  of  measles,  diphtheria  or  scarlet  fever. 

LEPROSY 

A  moderate  number  of  cases  occur  among  the  residents  of  Manias 
Early  cases  have  been  seen  where  infection  is  said  to  have  taken 
place  in  the  Purus  district.  We  have  seen  both  forms  of  the  disease; 
many  anaesthetic  ulceration  cases  were  examined  and  the  presence 
of  the  bacilli  verified. 

A  small  lazaretto  would  be  a  comfort  for  the  lepers  as  some  of 
them  are  in  a  wretched  state. 


SMALLPOX 

The  State  furnishes  free  vaccine  for  a  large  number  of  the 
inhabitants.  The  sanitary  department  is  to  be  congratulated  on  the 
success  of  their  preventive  and  quarantine  measures  which  have 
effectually  checked  the  spreading  of  this  disease  on  the  various 
occasions  when  it  has  been  introduced  from  the  South  of  Brazil, 
i  ara,  or  from  up-river  places. 


elephantiasis 


We  have  seen  several  cases  in  which 
majority  of  the  patients  come  from  the 
Barbadoes. 


the  foot  was  involved.  The 
southern  parts  of  Brazil  or 


chyluria 


Two  cases  of  this  disease 
acquired  in  other  countries. 


were  seen,  both  of  which  had  been 
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RECOMMENDATIONS 

We  suggest  that  the  sanitary  authorities  be  empowered:  — 

I.  ( a )  To  make  a  spleen  census  of  all  children  in  the  city  and 
suburbs  of  Manaos,  and  that  this  should  be  repeated  every  three 
to  six  months. 

Kb)  That  at  the  same  time  the  haemoglobin  percentage  of  all 
children  should  be  ascertained,  and  those  showing  marked 
anaemia  should  have  their  faeces  examined  for  ankylostomes. 

(c)  That  all  children  suffering  from  enlarged  spleens  or 
ankylostomes  should  be  given  free  quinine  and  thymol. 

(d)  That  a  supply  of  quinine  tablets,  specially  coloured  in 
order  to  prevent  the  sale  of  the  State  quinine,  should  be  given 
to  each  school  teacher  or  responsible  person  in  the  localities 
of  the  poor,  and  that  such  quinine  should  be  available  for  the 
inhabitants  of  the  locality. 

( e )  That,  once  a  week,  a  free  clinic  should  be  held  in  each  of 
the  large  districts  of  S.  Raymundo,  Colonia  Oliveira  Machado, 
Moco  and  Pensador  or  Flores.  That  so  far  as  possible  attention 
should  be  directed  to  the  treatment  of  malaria  and  cases  of 
ankylostomiasis.  It  should  be  remembered  that  what  the 
department  desires  to  attain,  is  to  cure  the  children  and  adults 
of  malaria  and  rid  them  of  ankylostomes.  Simple  preparations 
of  quinine ,  thymol ,  arsenic  and  iron  are  quite  as  efficient  as 
expensive  combinations  of  the  same. 

Severe  cases  of  these  diseases  and  patients  suffering  from 
other  ailments  should  be  directed  to  apply  for  treatment  to  the 
outdoor  department  or  wards  of  the  Santa  Casa  de  Misericordia. 

II.  ( a )  That  separate  cards  should  be  published  by  the  State 
giving  a  few  simple  facts  about  malaria,  ankylostomiasis  and 
tuberculosis  and  emphasising  the  dangers  incurred  by  neglecting 
treatment. 

(i b )  That  one  of  these  cards  appropriate  for  the  disease  from 
which  he  is  suffering  should  be  filled  in  with  the  name  of  the 
patient  and  should  be  given  him  to  use  as  his  identification 
card  for  the  suburban  clinic  and  hospital  dispensary. 
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(c)  That  every  school  should  have  posters  on  the  wall  depicting 
and  giving  facts  about  malaria  and  Anophelines,  yellow  fever 
and  Stegomyia,  ankylostomiasis,  and  tuberculosis. 

(d)  It  should  be  made  compulsory  for  the  teachers  of  every 
class  to  teach  the  pupils  the  meaning  of  the  posters,  and  simple 
facts  in  hygiene,  and  these  facts  should  be  revised  by  all  the 
scholars  at  least  once  a  year. 


III.  That  a  special  and  permanent  force  of  men  should  be  formed 
to  act  as  a  mosquito  brigade. 


(a)  To  destroy  Stegomyia  calopus  breeding-places  in  the  city 
proper. 


(b)  To  inspect  and  report  on  the  condition  of  every  house 
and  office  within  the  city  proper,  noting  the  general  cleanliness 
of  the  place  and  the  amount  of  rubbish. 

(c)  That  all  rubbish  should  be  removed  free  of  charge  afier 
the  first  inspection,  but  that  later  collections  of  rubbish  should  be 
removed  at  the  expense  of  the  householder. 

(d)  That  all  yards  and  houses  should  be  inspected  monthly, 
and  that  extra  inspections  should  be  made  of  houses  that  are 
apt  to  be  neglected  and  dirty.  If  found  in  such  a  condition  the 
tenants  should  be  summarily  fined.  That  special  inspections 
should  be  made  of  barracks  inhabited  by  many  people. 

(e)  That  each  householder  should  be  compelled  to  affix  in  a 
prominent  place  the  ordinances  promulgated  by  the  authorities 
concerning  screening  of  cisterns  and  tubs,  breeding  of  mosquitos, 
collections  of  rubbish  and  the  screening  and  notification  of  all 
patients  suffering  from  fever. 


•  ^  f  PlaCCS  WherC  building  ^  going  on  should  be 

bydaws  ’  6  bUlldCrS  finCd  'f  f°Und  gUlky  °{  breakine  the 


IV.— Malaria  Work 

kept  otTuntVfilled  and  draTned  6  *5>  SWamPS  '°  * 
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(c)  Marsh  in  Ravine  Cearense  (Plan  5)  to  be  kept  oiled  until 
filled  and  drained. 

(d)  The  hollows  on  certain  streets  should  be  filled. 

V.  (<*)  That  the  men  already  attached  to  the  various  public 
squares,  should  be  held  responsible  for  not  allowing  water  to 
collect  in  the  fountains. 

( b )  That  the  men  already  appointed  to  look  after  the  roads 
and  gutters  within  the  city  proper,  should  be  held  responsible 
for  not  allowing  stagnant  water  to  collect  in  the  gutters. 

We  believe*  that  a  permanent  force  of  30  men  would  suffice  to 
carry  out  the  anti-stegomyia  measures  and  to  inspect  the  places 
within  the  city  where  Anopheles  are  continually  breeding.  This 
force  would  include:  — 

1  Head  Inspector. 

3  Inspectors  or  M oustiquiers.  t 
1  Head  Foreman. 

5  Foremen. 

17  Labourers. 

1  Storeman. 

1  Driver. 

1  Clerk. 

This  would  allow  for  3  gangs  each  of  1  foreman  and  3  labourers. 

2  ,,  „  1  ,,  ,,  4  ” 

For  some  months  in  the  year,  the  entire  force  would  be  able 
to  devote  their  whole  attention  to  combating  Stegomyia,  as  the 
igarapes  would  require  very  little  treatment  during  rising  river.  As 
the  sanitary  authorities  have  had  a  force  of  13  men  at  work  the 
additional  expense  will  not  be  so  great.  We  suggest  that  only  energetic 
men  who  will  take  an  interest  in  their  work  should  be  appointed  as 
inspectors  and  foremen. 

We  suggest  that  the  prisoners  should  be  employed  in  removing 
the  grass,  weeds,  pools,  etc.,  from  the  swamps  in  the  vicinity  of  the 
gaol. 

*  For  the  various  details  in  organising  such  a  force,  the  measures  recommended  In 
Major  Ross  for  fighting  malaria  in  the  Island  of  Mauiitius  can  be  modified  to  suit  the  local 
conditions. 

f  Ross,  Ronald,  loc.  cit.,  p.  113. 
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EXPLANATION  OF  PLAN  OF  MAN  AOS 


1.  Igarape  Sao  Vicente.  Formerly  Stcgoim  ia  bred  here  plenti¬ 

fully  in  a  large  and  deep  pool,  with  many  Cellia 
albimana  and  Ce.  argyrotarsis ,  Culcx  faiigttns,  Mi  ns  on:  i 
litillans  and  U ranotacnia  geoviclrica. 

2.  Igarape  behind  Rua  Luiz  Antony.  Fair  number  of  Anophelines 

3.  Plano  inclinado.  Many  Anophelines. 

4.  Igarape  behind  Rua  Monsenhor  Coutinho.  Many  Anophelines. 

some  malaria. 


5.  Swamp  behind  Rua  Cearense.  Badly  infected  with  malaria; 

Anophelines  abundant. 

6.  Swamp  along  Avenida  13  de  Maio.  As  in  No.  1. 

;•  Portuguese  Hospital.  In  neighbourhood  of  Nos.  6  and  8. 

8.  Swamp  and  igarape  (creek)  along  Rua  Dr.  Machado.  Many 
Anophelines,  some  malaria. 

^  ^^malaria^  ^araP®  Littencourt.  Many  Anophelines,  mudi 

10.  Large  swamps,  many  Anophelines  and  much  malaria. 

L^rge  swamPs-  Many  persisting  throughout  the  year. 
/i//CaV1  ^  *n^eCted  w*t*1  malaria;  abundant  Anophelines 
and  Mansoma  tuillans.  Many  of  the  poor  inhabitants 
reside  along  these  swamps. 

>6-  Same  cond.t.ons,  but  not  so  marked  as  Nos.  n  to  .5. 

6  lines  aCbundanT°' VUnTul  malarla;  AnophC‘ 

y  U ranotacnia  pulcherrima  captured. 

^  ^wamps.  Not  quite  so  heavily  infected  with  malar.a  as  No.  1 7- 

many  casesof 
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20  to  22.  Swamps  very  extensive.  Many  Anophelines  and  numerous 
cases  of  malaria.  Near  the  wheel  house  of  the  waterworks 
several  examples  of  Megarhinus  separatus  and  Mansonia 
longipalpis  were  captured. 

23.  Sao  Raymundo.  District  contains  many  swamps  and  is  heavily 

infected  with  malaria.  Cellia  albimana  and  C.  argyrotarsus 
very  abundant.  Many  of  the  very  poor  inhabitants  reside  in 
the  district. 

24.  Colonia  Oliveira  Machado.  Same  conditions  and  class  of 

residents  as  in  No.  23. 

25.  Low  land  near  Rua  dos  Andrades.  Many  S/egomyia  calopus, 

Mansonia  titillans  and  Culex  fatigans.  Many  cases  of 
yellow  fever  have  occurred  in  the  neighbourhood.  A  great 
number  of  newly  arrived  Pcrtuguese,  Italians  and  Spaniards 
reside  in  the  houses,  and  create  a  serious  condition  of  affairs 
through  the  overcrowding  of  the  houses  and  their  unhygemc 
habits,  and  the  presence  also  of  a  number  of  unscreened  water 
barrels. 

26.  Swamps.  Heavily  infected  with  malaria. 

2;.  The  Bosque,  Pensador  and  Flores  swamps  are  extensive.  Many 
Uranotaenia  lowii  and  Ur.  geometrica.  The  Anophelines 
are  very  plentiful,  and  many  severe  cases  of  malaria  occur 
amongst  the  residents  living  near  these  swamps. 

The  curved  line  traced  near  Numbers  3,  4,  5,  7>  9,  to  the  Igarape 
da  Cachoeirinha  roughly  outlines  the  yellow  fever  area.  Between 
this  outline  and  the  river  front  is  the  most  densely  populated  section 
of  Manaos,  and  the  majority  of  the  non-immune  population  reside 
within  these  limits.  Included  in  this  area  is  the  older  portion  of  the 
city.  Outside  of  the  traced  outline  many  more  Brazilians  reside,  and 
the  blocks  of  streets  are  not  so  densely  populated. 


■ 

. 


■  . 
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THE  PATHOLOGICAL  REPORT  OF  A 
CASE  OF  CESOPHAGOSTOMIASIS  IN  MAN 


BY 

H.  WOLFERSTAN  THOMAS,  M.D.,  C.M.  (McGill), 


Of  the  Research  Laboratory  in  M  and  os ,  State  of  Amazonas , 

North  Brazil, 

AND  THE 

Thompson-Y ales  and  Johnston  Laboratories ,  University  of 

Liver  fool. 


Expedition  to  the  Amazon ,  1905-1909. 


(Plates  I,  II,  III,  IV,  V,  V\  VB) 


CEsophagostomiasis  is  a  disease  produced  by  a  small  nematode, 
an  oesophagostome,  of  which  there  are  several  species.  The  larvae 
of  this  worm  become  encysted  in  the  coats  of  the  bowel,  usually  in 
the  large  intestine,  and  gradually  develop  into  immature  adult 
cesophagostomes.  They  can  rupture  their  cyst  walls  and  pass  into 
the  lumen  of  the  intestine  or  into  the  peritoneal  cavity. 

Anthropoid  apes,  certain  species  of  monkeys,  and  some  of  the 
domestic  animals  can  be  infected  by  various  cesophagostomes  In 
a  monkey  it  is  not  at  all  uncommon  to  find  small  subpentoneal  nodules 
and  submucous  cysts  containing  minute  worms.  Weinberg*  has  given 
a  very  complete  report  of  the  macroscopical  and  microscopical 
appearances  of  the  disease  in  anthropoid  apes  and  monkeys. 
CEsophagostomiasis  is  an  extremely  rare  disease  m  man.  Brump 
reported  the  first  case  in  1905,  in  a  negro  from  the  Omo  river  neai 
Lake  Rudolph  in  East  Africa. 

Railliet  and  Henry  described  the  cesophagostome  in  this  cas  , 
naming  it  Oes.  brumfti.  Our  case  is  the  second  to  be  recorded  in  man, 


*  Weinberg,  M.  CEsophagostomose  des  anthropoides  et  des  singes 
Archives  de  parasitologie,  T.  XIII,  No.  2,  1909. 
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and  from  the  conditions  found  at  the  autopsy  there  can  be  no  doubt 
that  the  patient  died  from  a  septic  peritonitis  due  to  the  lesions  caused 
by  this  worm. 

The  worms  taken  from  the  cysts  were  sent  to  Professor  Railliet, 
who  most  kindly  volunteered  to  undertake  the  description  of  the 
parasite. 

The  history  of  the  disease  is  unknown,  as  the  patient  entered  the 
public  ward  of  the  Santa  Casa  de  Misericordia  in  Manaos  in  an 
extremely  critical  condition.  He  was  admitted  to  the  Hospital 
suffering  from  acute  dysentery  ;  he  became  delirious,  and  died  within 
three  days.  Our  records  describe  him  as  a  man,  aet.  circ.  36,  a  native 
of  the  Amazon  State,  Rio  Purus  region. 

The  autopsy  was  performed  ten  hours  after  death.  Unfortunately 
the  case  occurred  at  a  time  when  there  were  many  other  duties  to  be 
performed,  and  consequently  the  post-mortem  was  incomplete. 

Body  of  an  extremely  emaciated  man  ;  colour  mulatto  ;  muscles 
well  developed ;  scars  on  both  tibiae  from  old  boils.  Subcutaneous 
fat  very  pale  and  scanty.  Muscle  fibres  pale,  brownish  red  and  dry. 

Thorax.  Lungs  emphysematous,  slight  hypostatic  congestion  of 
eit.  Pericardium  contains  two  spoonfuls  of  cloudy  flocculent  fluid. 
Heart:  left  side  slightly  enlarged,  muscle  shows  some  hypertrophy, 
pale  and  friable.  Several  small  recent  atheromatous  patches  along 
aortic  ring;  mitral  valves  competent,  very  slight  thickening;  semi- 
lunar  valves  normal.  No  other  atheromatous  patches  seen. 

s  J  *  °"  °Penine  the  Peritoneal  cavity,  the  omentum  and 

rT;\“TteStiRe  Were  fOUnd  matted  father  on  the  right 
dts  o  f  r,  6  “  and  t0  the  *4  colon  by  tough 
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cartilaginous  2  to  ,  mm  gC  pi"klsh  whlte  area  the  size  of  a  florin, 
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diaphragm ;  capsule  dull,  not  thickened ;  organ  pale,  friable,  cloudy 
swelling,  commencing  to  decompose. 

Kidneys  slightly  enlarged,  very  soft,  especially  the  right ;  cloudy 
swelling.  Decomposition  advanced. 

As  the  adhesions  were  very  firm,  the  small  intestine,  caecum, 
ascending  and  transverse  colon,  were  taken  out  en  masse  and  placed 
in  Kaiserling’s  fluid  for  later  examination. 

The  following  description  of  the  affected  bowel  was  made  some 
months  after  it  had  been  in  Kaiserling’s  fluid  :  — 

SMALL  INTESTINE 

Exterior. 

The  surface  of  the  small  intestine,  extending  from  the  ileo-caecal 
valve,  for  a  length  of  about  one  metre,  is  studded  with  small  raised, 
dark-coloured  tumours ;  the  majority  of  these  involve  the  lower  part 
of  the  ileum  for  a  distance  of  35  cm.  from  the  ileo-caecal  valve.  The 
nodules  are  less  numerous  and  pronounced  in  the  remaining  65  cm. 
of  the  infected  bowel. 

Thirty-seven  well-marked  tumours  can  be  counted.  The  greater 
number  of  them  appear  to  be  lying  between  the  external  muscular 
layer  and  the  peritoneal  covering  of  the  bowel.  The  surfaces  of  the 
nodules  are  usually  smooth,  but  some  few  are  roughened  and  covered 
with  plastic  adhesions.  The  majority  of  these  growths  are  small  and 
oval  in  shape,  and  vary  from  the  size  of  a  small  pin  s  head  to  7  mm. 
by  9  mm.  and  elevated  as  much  as  6  mm.  to  8  mm.  above  the  surface 
of  the  bowel  (Plate  IV,  fig.  2).  Some  are  flatter  and  more  button¬ 
shaped  (Plate  V,  fig.  5).  Others  again  are  elongated,  leech-like  masses. 
These  latter  (eight  in  number)  measure  from  14  mm.  to  23  mm.  in 
length  and  6  mm.  to  1 1  mm.  in  width ;  they  project  4  mm.  to 
9  mm.  above  the  surface ;  their  base  is  somewhat  constricted  so  that 
the  contents  of  the  cyst  cause  a  bulging  of  the  tumour  walls  (Plate 
IV,  fig.  1). 

The  nodules  are  opaque  and  greyish-black  in  colour,  with  some¬ 
times  a  few  light  ochre-coloured  points  in  or  underneath  the  cyst 
wall. 

The  situation  of  the  nodules  varies.  Some  lie  along  the  mesenteric 
attachment ;  others  are  on  the  sides  or  upper  surface  of  the  gut.  I  he 
larger  tumours  appear  to  lie  on  the  upper  wall  and  parallel  to  the 
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longitudinal  axis  of  the  bowel  ;  some  few,  chiefly  situated  along  the 
mesenteric  attachment,  are  placed  transversely. 

The  nodules  are  found  either  4  cm.  to  12  cm.  apart  or  in  small 
groups  of  three  to  five  oval  tumours  separated  by  15  to  2  5  cm.  from 
one  another.  Occasionally,  small  clusters  of  two  or  three  are  seen 
lying  close  together  (Plate  V,  figs.  3,  5,  6). 

Many  of  the  smaller  tumours  are  hard  and  shot-like ;  some  few 
are  calcareous.  The  larger  ones  are  soft,  compressible  and  doughy, 
pitting  freely  on  pressure.  The  tumours  appear  to  be  firmly 
attached  to  the  wall  of  the  intestinal  tube.  Provided  the  walls  of  the 
cyst  are  intact,  very  great  pressure  is  needed  to  cause  a  rupture. 

In  three  of  the  tumours,  the  outline  of  a  coiled  worm  can  be  seen 
lying  underneath  the  tightly  stretched  membranous  covering. 

At  one  place  along  the  upper  part  of  the  ileum  there  is  a  triangular 
prolongation  of  the  external  muscular  coat  mid  peritoneum,  and,  from 
the  apex,  the  ends  of  two  small  worms  can  be  seen  projecting.  (Plate 
fig  2  ,  fig.  4  shows  the  same  x  8).  On  examining  the  attachment 
e  mesentery  to  the  ileum,  a  worm  was  found  penetrating  the 
mesentery;  it  had  escaped  from  its  cyst  in  the  external  muscular 

dyer  and  still  had  its  cephalic  end  within  the  cyst  cavity  (Plate  V.fig- 

10,  x  8). 


1  ■  T,  T?'ng  LneSC  no^u^es  a  small  worm  is  found  lying  in  a  semi 
'  r,  rown  mixture.  Each  cyst  contains  one  worm ;  in  m 
instance  have  two  worms  been  found  in  one  cyst.  One  tumour  ma' 
be  composed  of  two  and,  in  some  cases,  three  to  four  cysts.  Th< 
worm  ,s  found  lying  either  coded  and  twisted  or  stretched  out. 

cenhaT  A  ?  uead  IS  dama^ed  in  Piling  out  the  worm,  as  if  its 

Sue  Th  ,rn  embeddCd  and  fixed  -  ‘he  -rounding 

the  floor  f  7k  r  tPPearS  *°  COnSist  °f  the  peritoneal  coat,  and 
cyst  whA  h  T  °f  tHe  eX‘ernal  layer  (p.  68).  A  small 

partially  dra  S . °Pened_the  two  ends  of  the  worm  being 

rptSv  fli  r  seen  in  piate  iv’ fig-  ’•  “d  *<= — *  8 

The  intestinal  tube  was  distenrl/*,-!  -.v. 
bowel  appeared  to  be  sacculated  with  H  ^  ^  ^  tW°  P'aCeS 
°f  the  pouches  (p.  61).  The  walls  s  3  C°nStnC“0n  a‘  the  lower  ends 
transparent,  and,  by  transmif-f  a  ^erned  greatly  thinned  and  very 

attached  to  the  inside  of  the 'bowel  ^  n°d“IeS  could  **  seen 

The  ileum  at  its  .unction  with  the  caecum  is  very  contorted,  and 
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surrounded  by  a  mass  of  fibrous  adhesions,  omentum,  appendices 
epiploicae,  etc.  In  separating  the  ileum,  a  cyst,  the  size  of  a  large 
pea,  was  ruptured,  and  an  immature  adult  ocsophagostome  escaped. 
In  the  mass  of  adhesions,  two  other  small  cysts  were  found,  but  these 
were  free  from  any  connection  with  either  caecum,  colon  or  ileum. 

Interior. 

On  opening  the  small  intestine,  some  twenty  nodules  are  seen 
situated  in  the  walls,  the  majority  of  them  causing  a  distinct  bulging 
of  the  mucous  membrane. 

The  greater  number  of  the  tumours  are  small  and  oval  in  shape, 
measuring  4  mm.  by  6  mm.,  up  to  5  mm.  by  9  mm.  Some  few  have 
an  elongated  form,  15  mm.  by  6  mm.  (Plate  IV,  fig.  2).  Though 
causing  this  bulging  of  the  mucous  membrane,  none  of  the  tumours 
is  so  markedly  elevated  as  those  nodules  situated  on  the  external 
surface  of  the  intestine.  The  average  bulging  of  the  mucosa, 
produced  by  the  cysts,  is  from  1  mm.  to  6  mm. 

A  few  of  the  nodules  on  the  external  surface  are  seen  to  cause 
a  bulging  of  the  mucous  membrane  into  the  lumen  of  the  bowel.  They 
are  all  more  or  less  flat  tumours  with  broad  bases  (Plate  V,  fig.  5). 
(The  opened  cyst  with  a  worm  partially  drawn  out  is  one  with  these 
characters,  Plate  IV,  fig.  2.)  The  long  leech-like  tumours  (Plate  IV, 
fig.  1)  produce  no  bulgings  into  the  lumen  of  the  canal;  they  are 
nearly  all  situated  over  the  areas  of  Peyer’s  patches,  which  are 
enlarged  and  slightly  inflamed. 

The  tumours  in  the  submucosa  lie  transversely  or  diagonally,  a 
few  longitudinally  to  the  axis  of  the  bowel,  and  the  majority  of  them 
are  situated  along  the  attachment  of  the  mesentery.  These  adhere 
firmly  to  the  wall,  and  are  generally  harder  than  those  on  the  external 
surface. 

The  walls  of  the  bowel  are  unusually  thin  in  places.  At  23  cm. 
and  47  cm.  from  the  ileo-caecal  valve  are  two  pouched  areas  (p.  60) ; 
the  lumen  of  the  bowel  is  considerably  enlarged,  and  beyond  the 
sacculations,  are  constrictions  of  the  canal.  Examination  shows  that 
the  constrictions  cause  an  actual  narrowing  of  the  lumen  of  the  gut, 
forming  partial  strictures,  so  that  it  is  difficult  to  introduce  the  tip 
of  the  little  finger.  Dilatation  of  the  tube  in  the  proximity  of  the 
constrictions  has  resulted  in  the  formation  of  the  two  pouches.  The 
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narrowing  is  due  in  the  one  case  (pouch  23  cm.  from  ileo-caecal  valve) 
to  a  large  cystic  tumour  lying  parallel  to  the  longitudinal  axis  of  the 
bowel  and  attached  to  that  portion  of  the  wall  furthest  away  from 
the  attachment  of  the  mesentery.  In  the  other  case  (pouch  47  cm. 
from  ileo-caecal  valve)  two  medium-sized  cysts,  which  have  apparently 
coalesced,  are  lying  diagonally  across  the  wall,  and  directly  opposite 
them  is  another  cyst  lying  lengthwise.  In  both  cases  the  cysts  have 
burrowed  or  fastened  on  to  the  two  side  walls,  drawing  and  puckering 
them  together  and  resulting  in  the  constriction  of  the  lumen.  A  few 
medium-sized  cysts  are  attached  to  the  walls  of  the  dilated  areas.  It 
is  probable  that  these  pouches  have  resulted  from  the  weakening  of 
the  walls  by  the  damage  caused  by  the  cystic  tumours  and  the  over- 
distension  of  the  canal :  the  intestinal  contents,  being  hindered  by  the 
obstruction,  tend  to  collect,  and,  through  the  peristaltic  pressure  from 
behind,  dilatation  of  the  already  weakened  and  inelastic  wall  ensues. 


Exterior  (Plate  I,  Plate  II,  fig.  1). 

The  walls  of  the  caecum  are  mottled  with  bluish-black,  slightly 
raised,  irregularly  shaped  areas,  especially  along  the  anterior  and 
posterior  longitudinal  muscular  bands.  These  areas  are  so  closely 
approximated  as  to  appear  in  places  as  one  wide  mass;  closer 

“r  'em  ‘°  be  a  SerieS  °f  ^peritoneal  cysts  covered 
o\er  with  thickened  peritoneum. 

“7  fr°”  the  ^gitudinal  bands  are  transverse  striae 

coloured  irr^o-  ill  ,  b  ^  on^  these  areas  are  dull  ochre- 

• 

striae  are  outlined  h  ■  are  very  Prominent.  Other 

size  of  small  shot,  and^re  fcw  ^  °Chre-Coloured  nodu]es  the 

Three  dark  oval  elevated  turn  3  ab°Ve  *he  SUrfaCC' 

to  13  mm.  in  length,  and  from  2  °UrS’  measunnS  6  mm.  by  1 1  mm. 
near  the  posterior  band.  The  ^  ^  5  “  height’  are  attached 

surface  of  the  ileum  ''  Slm^ar  to  the  ones  on  the  outer 

the  anterior  band  thl°k  a°d  rigid  esPeciaI,v  about 

the  dark  areas  can  be  seen  ltl'd  V**  "P  .CaeCUm  to  ^  ^ 
part  of  the  walls  (Plate  II  fig-s  l  c  ' masses’  involving  the  greater 
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Incision  of  the  dark  or  ochre-coloured  nodules  shows  various  sized 
cavities  containing-  immature  adult  oesophagostomes ;  the  dark 
contents  appear  to  be  simply  degenerated  blood  cells.  The  ochre- 
coloured  cysts  contain  degenerated  erythrocytes,  and  pus  cells  with 
many  bacteria  ;  the  spots  in  the  walls  of  the  cysts  are  patches  of 
necrosis  or  calcareous  deposits  (Plate  II,  fig.  i).  Here,  again,  each 
cyst  contains  only  one  worm.  The  majority  of  these  cysts  appear  to 
have  originated  in  the  subperitoneal  fascia  and  to  have  spread  into 
the  external  muscular  layer.  The  peritoneal  covering  is  enormously 
thickened  by  very  old  and  tough  adhesions  which  are  difficult  to  strip 
off  without  rupturing  some  cysts. 

Appendix  vertniformis  (Plate  II,  figs,  i  and  2). 

The  appendix  at  its  junction  with  the  caecum  is  surrounded  on  two 
sides,  by  a  firm,  dark-bluish  tumour  mass  which  so  distorts  its  orifice 
as  to  make  it  almost  impossible  to  pass  a  probe  through  the  lumen  into 
the  caecal  cavity.  On  opening  up  the  canal  the  tumour  mass  is  found 
to  consist  of  a  series  of  five  cystic  subperitoneal  tumours,  involving 
the  wall  of  the  caecum,  and  of  a  couple  of  large  submucosal  cysts 
which  have  invaded  the  neighbouring  plica  sigmoidea,  with  consequent 
bulging  of  the  mucosa.  The  wall  of  the  caecum  at  the  junction  is 
thickened  and  honeycombed  with  the  five  small  subperitoneal  cysts, 
each  containing  a  worm. 

About  1  cm.  from  the  tip  of  the  appendix  is  a  bean-shaped  nodule, 
8  mm.  by  10  mm.,  which  is  growing  from  the  subperitoneal  fascia 
of  the  wall.  It  does  not  involve  the  lumen.  Microscopic 
examination  reveals  two  small  cysts,  which  are  situated  near  the 
large  one  but  are  developed  in  the  submucosa. 


ASCENDING  COLON 

Exterior. 

The  walls  of  the  ascending  colon  for  its  whole  length  are  covered 
with  thickened  adhesions  containing  enlarged  glands,  fat  and  omental 
tissue.  On  attempting  to  strip  the  walls  of  these  masses,  many  small, 
dark-coloured,  cystic  tumours  are  ruptured  and  small  worms  disclosed. 
So  numerous  are  the  tumours  that  it  is  impossible  to  remove  the 
adhesions  completely  without  spoiling  the  specimen. 
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The  same  dark-coloured,  slightly  raised  areas  are  present,  but  are 
not  so  extensive  as  those  developing  in  the  walls  of  the  caecum  The 
anterior  longitudinal  band  is  almost  free  from  these  areas  and  nodules. 
The  posterior  band  is  thickened  and  appears  to  be  infiltrated  along 
the  whole  of  its  length  by  hard  masses.  On  the  internal  and  posterior 
walls  are  eighteen  small  oval  cystic  tumours. 

At  two  places  between  the  internal  and  posterior  bands  the 
appendices  epiploicae  are  thickened,  and  dissection  exposes  a  small 
worm  lying  on  the  wall  of  the  colon.  In  each  case  the  worm  is  seen 
lying  near  the  ruptured  cyst  from  which  it  has  evidently  recently 
issued.  The  worm  is  lying  on  the  wall  of  the  bowel,  free  from  its 


restraining  cyst,  and  apparently  only  confined  by  the  adhesions 
epiploica  to  the  wall.  The  fascia  around  the  worm  is  stained  dark- 
brown,  and  microscopic  examination  shows  very  many  red  blood  cells, 
some  pus  cells,  and  numerous  cocci,  streptococci  and  short  colon-like 
acil  i.  [Plate  V,  fig.  y ,  appendix  epiploica  turned  back  and  worm  in 
situ.  The  three  light  points  seen  near  the  worm  are  portions  of 
worms  belonging  to  other  cysts.  The  covering  over  these  cysts  is 
very  thin  and  was  tom  when  turning  back  the  epiploica.  The  exit- 
hole  made  by  the  cesophagostome  is  seen  as  a  dark  spot  above  and 
slightly  to  the  right ;  specimen  x  16.] 


Caecum  (Plate  II,  fig.  2  ;  piate  In_  fig  r) 
Interior. 


ribbed  ODaaue  ^  int&n°T  °f  the  caecum-  a  number  of  cord-like, 
of  the  J  usUarSfS  n  aUraCt  the  attenti°n-  Th^  infiltrate  the  walls 

by  their  development  hTthe  mV°lvmg  the  plicae  siSm°ideae,  and, 
to  project  prominent!  •  /  muCOsa’  cause  the  mucous  membrane 
radiate  from  one  ^  ?  °!  6  caeca*  cavity.  These  cord-like  masses 

bands  being  particularly  bvorddt0Aan^ther’  ^  anterior  and  Posterior 
ofey^  HI.  %  ,  the, 

to  merge  into  a  mm™  '  parated  from  one  another,  tend 

about  the  anterior  and"  anj*  form  comPact  masses,  especially 

affected.  In  between  ^  ;  the  band  is  less 

are  present,  so  that  there  is  "very  littfeT ^  °f  T*3’  °ther  CySt  tUm°UrS 

y  little  free  wall-area  unaffected.  The 
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coalescing  of  so  many  tumours  produces  at  these  centres  a  great 
thickening  of  the  wall,  as  is  well  seen  in  Plate  II,  fig.  2,  and  Plate  III, 
fig.  1. 

The  cysts  composing  these  strands  are  of  varying  dimensions, 
measuring  8  mm.  by  3  mm.  to  40  mm.  by  4  to  7  mm.  It  is  difficult  to 
determine  the  exact  length  of  some  of  the  tumours  without  opening 
them.  Some  of  the  largest  tumours,  on  being  incised,  are  found  to 
consist  of  a  row  of  five  to  seven  equal-sized  cysts.  Others  again,  with 
irregular  outlines,  and  all  the  appearances  of  a  series  of  cysts  lying 
end-on-end,  prove  to  be  composed  of  one  or  two  long  cysts. 

The  cysts  are  soft  and  very  compressible,  differing  from  the  harder 
cysts  encountered  in  the  ileum.  Many  of  the  spongy  cysts  have  their 
walls  dotted  with  yellowish  areas.  A  few  of  these  areas  are  actual 
sloughs,  and  quite  moderate  pressure  suffices  to  rupture  the  necrosed 
wall.  There  are  no  calcareous  patches.  The  bulging  of  the  mucosa 
caused  by  these  cysts  is  pronounced  and  varies  from  3  to  5  mm.  up 
to  9  mm.  along  the  plica  sigmoideae.  Plate  III,  fig.  1  depicts  a 
medium  sized  distended  cyst,  and  through  the  thinned  and  tightly 
stretched  mucosal  covering  the  outlines  of  a  large  worm  can  be  easily 
seen.  This  cyst  was  continuous  with  a  large  cyst  in  the  external 
muscular  coat,  which  bulged  inwards  as  well  as  outwards. 

On  making  a  cross-section  through  the  caecum,  a  striking  picture 
is  obtained.  The  wall  in  the  vicinity  of  the  longitudinal  bands  is 
thickened  by  dense  fibrous  tissue  and  honeycombed  by  a  number  of 
cysts  of  different  sizes.  Many  of  these  cysts  have  been  cut  through, 
and  parts  of  worms  are  lying  in  the  cyst  cavities  (Plate  V,  fig.  2). 
The  cysts  appear  to  be  situated  in  the  subperitoneal  and  submucosal 
fascia ;  some  lie  between  the  internal  and  external  muscular  coats  of 
the  bowel.  Some  cross-sections  show  that  all  three  forms  of  cysts 
have  developed  through  being  superimposed  on  each  other.  In  such 
a  case,  the  submucosal  and  intramuscular  cysts  appear  to  be  of  older 
and  the  subperitoneal  cysts  of  more  recent  growth.  The  cysts  with 
much  cicatrical  tissue  around  them  are  usually  empty  and  may  be 
partially  calcified. 

The  thickness  of  the  wall  varies.  At  the  anterior  band  it  is  6  mm. 
to  9  mm.,  and  in  betwen  the  clusters  of  cysts  the  bowel  wall  is  thinned 
and  very  transparent  (Plate  II,  fig.  2). 

P 


66 


Ileo-caecal  valve. 

The  segments  of  the  valve  are  thickened  and  infiltrated  by 
submucosal  cysts.  The  edges  of  the  upper  segment  are  distorted  by 
five,  the  lower  segment  by  two  small  cysts.  The  bases  of  the  segments 
and  floor  of  the  gut  are  infiltrated  by  nine  medium  cysts.  The 
plica  sigmoidea,  opposite  the  valve,  is  invaded  by  a  large  cyst  in  the 
submucosa. 


Colon.  (Interior.)  Plate  I ;  Plate  III,  fig.  2. 

Of  the  32  cm.  of  the  ascending  colon  invaded  by  these  tumours,  the 
first  13  cm.  exhibit  the  greatest  changes.  Tumours  of  all  shapes 
and  sizes  are  occupying  the  walls  and  floor  of  the  gut,  where, 
developing  in  the  submucosa,  they  have  caused  prominent  bulgings  of 
the  mucous  membrane.  Some  of  the  tumours  are  the  size  of  small 
nuts,  measuring  17  mm.  by  8  mm.  and  9  mm.  thick.  Many  of  the 
tumours  are  oval  in  shape,  others  have  the  character  of  the  leech-like 
cysts  seen  on  the  outside  of  the  ileum  (cf.  Plate  IV,  figs.  1  and  2). 
Other  tumours  are  bunched  together  or  arranged  in  long  rows, 
infiltrating  and  distorting  the  plicae  sigmoideae. 

Raised,  yellowish  patches  are  seen  in  some  of  the  cyst  walls ;  the 
mucous  membrane  surrounding  them  is  ulcerated.  Examination  shows 
these  necrotic  areas  to  be  small  abscesses.  The  long  tumours  are  soft 
uctuating,  and  present  the  usual  characters  of  the  submucous 

cysts. 

The  cyst  tumours  are  developed  on  the  sides  and  floor  of  the  bowel, 
the  majors  bemg  arranged  transversely  to  the  axis  of  the  colon ;  the 
postenor  wall  appears  to  be  the  most  infiltrated.  In  between  the 

inelastic  ^  ^  tUm°UrS  tbe  tissues  of  the  walls  appear  thinned  and 

throthr^r.  °f  tHe  COl°n  H  CnL  from  the  ile°-caecal  valve,  and 

to  . .  mm  ”,  Part  Sh°WS  the  WaI1  to  be  thickened  from  6  mm. 

in  thebe'  T  I,  T™nt  the  Same  honeycombed  appearance  observed 
m  the  caeca!  walls  (Plate  I ;  Plate  V  t'i  ti  ,  i 

intramuscular  and  submucosal  cystine'  en  *  SUbpent°nea ' 
closer  together  Tn  n  .  7  ’  the  cysts  aPPear  to  be 

subperitoneal  twn  h  ross-section  24  mm.  long,  seven  cysts  (five 

parts  of  a  worn,  *UbmUCOSal)  were  “posed  ;  each  cavity  contained 
P  rts  of  a  worm.  No  calcareous  deposits  were  found,  but  microscopic 
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examination  showed  several  foci.  If  the  bowel  wall  at  the  side  of  a 
submucous  cyst  be  incised,  little  difficulty  is  experienced  in  shelling  out 
the  cyst  intact,  which  then  appears  as  a  thin  membranous  sac 
containing  a  worm.  It  is  impossible  to  shell  out  old  submucous  cysts 
with  much  fibrous  tissue,  or  subperitoneal  cysts,  without  rupture  of  the 
wall. 

MICROSCOPICAL  EXAMINATION 

Nodules  from  various  parts  of  the  small  and  large  intestine  were  imbedded  in 
celloidin  or  paraffin  and,  where  possible,  serial  sections  were  made.  Many  of  the 
nodules  in  the  wall  of  the  caecum  and  colon  required  decalcification  before 
imbedding.  The  serial  paraffin  sections  were  affixed  to  the  slide  with  glucose- 
dextrose  solution  and,  after  drying,  were  passed  through  toluol  and  alcohol  and 
flooded  with  thin  celloidin.  The  film  was  allowed  to  harden  and  the  slide  was  then 
placed  in  water  to  dissolve  the  glucose;  the  sections  protected  by  the  thin  celloidin 
covering  floated  off  and  could  be  manipulated  with  ease.  Van  Gieson  and  \\  eigert’s 
elastic  tissue  stains  were  found  of  service. 

Ileum 

Oval  submucosal  cyst.  Cut  transversely. 

The  cyst  has  developed  in  the  subinucosa ;  though  distended  the  cyst  does  not 
appear  to  press  on  either  the  muscularis  mucosae  or  the  internal  muscular  coat.  The 
walls  of  the  cyst  are  of  thickened  connective  tissue.  The  cystic  contents  appear  to 
consist  almost  entirely  of  degenerated  erythrocytes ;  a  few  large  mononuclears  are 
present.  In  some  of  the  sections  portions  of  a  worm  are  seen  cut  across.  The  cyst 
wall  is  infiltrated  with  numerous  mononucleated  cells  and  some  small  round 
lymphoid  cells.  . 

Examination  with  a  higher  power,  shows  that  the  cystic  contents  contain  a  few 
perfectly  preserved  red  blood  cells,  and  a  few  large  mononucleated  polygonal-shaped 
cells  which  contain  a  few  pigment  granules.  Small  clumps  of  granular  pigment  are 
scattered  about.  The  cross-section  of  the  worm  shows  that  there  are  many  degene¬ 
rated  as  well  as  some  normal  red  cells  in  the  intestine.  The  cyst  wall  is  infiltrate 
by  large  mononuclears  and  granulation  cells,  the  infiltration  being  more  dense  m 
the  inner  part  of  the  walls.  The  side  abutting  on  the  internal  muscular  coat  is 
especially  infiltrated,  the  infiltration  extending  halfway  through  the  internal 
muscular  coat.  The  tissue  of  the  submucosa  exhibits  a  slight  infiltration  of 
mononuclear  leucocytes,  but  the  muscularis  mucosae  and  mucosa  are  entirely  free. 
The  vessels  in  the  cyst  area  are  engorged  with  blood ;  many  of  them  contain 
numerous  mononuclear  leucocytes.  Traversing  the  internal  and  external  muscular 
coats  are  large  cells  containing  pigment  granules;  none  of  these  cells  is  noticed  in 
the  mucosa.  No  eosinophiles  are  to  be  found. 

Oval  submucous  cyst  with  necrotic  -patch  on  wall  projecting  prominently  into 
intestinal  canal. 

The  cyst  has  developed  in  the  submucosa  and  has  involved  the  inner  fibres  of  the 
internal  muscular  coat.  The  distension  is  extreme  and  has  caused  a  very  prominent 
bulging  of  the  mucous  membrane.  The  fibres  of  the  muscularis  mucosae  are  no^ 
atrophied  but  appear  to  be  thinned.  The  necrotic  patch  in  the  mucous  mem  rane 
proves  to  be  only  a  superficial  ulceration  which  does  not  extend  to  the  deeper  ayers 
nor  involve  the  muscularis  mucosae.  There  is  very  little  infiltration  of  t  e  in  ®r” 
muscular  coat  or  of  the  tissues  in  the  immediate  vicinity  of  the  cyst.  e  con  ei  5 
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of  the  cyst  comprise  large  mononuclears,  some  polymorphonuclears,  a  few  large 
hyaline  cells  and  some  pigment-containing  cells,  these  latter  are  situated  at  the 
periphery  of  the  cyst.  The  red  blood  cells  are  nearly  all  degenerated.  A 
longitudinal  section  of  a  worm  is  present  and  in  the  intestine  several  polymorpho- 
nuclears,  mononuclears  and  a  few  degenerated  red  blood  cells  are  seen.  The  walls  of 
the  cyst  have  a  well-marked  necrotic  lining,  in  which  are  a  few  polymorphonuclear 
leucocytes.  The  connective  tissue  of  walls  is  infiltrated  by  large  mononucleated 
cells,  and  a  considerable  number  of  eosinophiles.  Pigmented  cells  are  seen  in  rows, 
directed  towards  the  subperitoneum.  The  intermuscular  space  contains  very 
distended  blood  vessels. 

Sub-peritoneal  cyst;  leech-like  tumour;  longitudinal  section. 

Serial  sections  show  that  the  cyst  has  developed  in  the  loose  areolar  tissue  of 
the  subperitoneal  space  and  that  the  fibres  of  the  external  muscular  coat  are  not 
involved  nor  atrophied.  The  tumour  has  everted  the  peritoneum  and  has  so 
developed  that  the  sides  and  ends  bulge  and  overhang  like  a  mushroom.  The  cavitv 
of  the  cyst  measures  over  8  mm.  in  length.  The  walls  of  the  tumour  are  formed  of 
thickened  connective  tissue  which  is  greatly  hypertrophied  at  the  two  ends.  The 
cyst  is  not  partitioned  and  the  cavity  is  filled  from  end  to  end  with  many  degenerated 
cells,  some  red  cells,  mononuclear  leucocytes,  and  two  sections  of  a  worm,  a 
transverse  and  a  longitudinal  one.  The  thickened  evst  walls,  especially  the  two  end 
and  basal  walls,  are  infiltrated  with  leucicytes. 

,  Cn<^  t*ie  cyst’  *s  a  well-defined  necrotic  area  which  occupies  the 

whole  thickness  of  the  internal  muscular  coat ;  the  submucosa  and  internal  fibres 
the  external  muscular  coat  in  the  vicinity  of  this  necrosis  are  infiltrated  bv 
large  mononuclear  cells. 

n„rlHymcf  m  the  ,cavit>'  are  masses  staining  lightly  with  eosin  and  possessing  no 
of  i T  f,onSated  bands  which  appear  to  consist  of  degenerated  fibres 

moulT  of  J  Si  mapJnification-  they  resemble  the  cuticular  remains  from  the 

Tnsfde  U  r hV°rm-  rCd  Ce,,S  afe  Rouped  aroiind  the  worm,  but  none  is  seen 

sides  of  theT^irn0^rf-arS  and  ,arge  P°]y.Sonal  cells  are  most  numerous  at  the 
are  infiltrated  h  I3Sues  oi  tbe  retaining  walls  immediately  around  the  evst 

are  vefy  numerous  onl  I**  !”°nonu.clea”  and  small  lymphocytes;  eosinophiles 
and  fewer  eosinonh’il  °  'V  3  t'v  ar"e  Pigmented  cells  are  found.  Less  infiltration 
the  cys^showTxtpntiiTO ^  OUter  Par‘  of  the  walls.  The  end  walls  of 
but,  further  in  the  tissued  Cm?S  with  very  little  infiltration  in  the  outer  layers, 

infiltrated  by  a’few  mononuclears  which  extend^ih  muscu,ar  C°a*  iS 

many  ^arge^niononuclear^^^ew'11^0^^1  ^  ^  Im^s<^?MU^atS^isCfiilled  with 

httle  pigment.  Outside  the  necroti^a^^a**^  N£I,ne  ceI,s  containing  a 

cells  and  large  mononucleated  rr-iic  u-  ,  intense  infiltration  of  small  round 
involve  the  intermuscular  space  and  the  1,ch  extend  lhrough  the  entire  coat  and 
coat ;  on  the  other  side  they  penetrate  ih  C  "tlSuous  fibres  of  the  external  muscular 
great,  and  does  not  extend  to  thn  -  e  submucosa»  where  the  infiltration  is  not  so 

ex  ter  naf  muscu  1  ai-6  coat  d^ex t ended 'to  *th™^”  b^gu  n  in  the  outer  fibres  of  the 

number  of  pigmented  cells  and  free  &Ve  ™ore  red  blood  cells  and  a  considerable 
seen.  The  infiltration  of  the  walls  i«  if™6'14  granules  :  very  few  eosinophiles  are 
present.  No  masses  resembling  the  and  more  sma11  round  cells  are 

are  to  be  found.  A  small  haemnrrVi  U  ar  remains  of  tbe  moult  of  the  parasite 

istending  the  space  and  lifting  ud  the  <jyS*  ll6S  adiacent.  in  the  submucosa, 

muscular  coat  adjoining  the  cyst  lire  Lmewhlt"!  T*®1  *he  fibres  of  the  internal 
m  tration  of  this  layer  with  mononnH  &  r°pbied>  and  there  is  considerable 
eosinophiles  and  large  giant  cells.  pi^mented  a  few 

of  the  cyst  are  composed  of  masses 


69 


of  degenerated  and  some  few  normal  red  blood  cells  and  pigmented  leucocytes. 
A  cross  section  of  a  worm  shows  the  intestine  to  be  crowded  with  more  or 
less  well  preserved  erythrocytes  and  some  pigment  granules.  The  pigmented 
leucocytes  appear  in  little  rows  extending  towards  and  into  the  subperitoneal  space. 
The  mucous  membrane,  though  distended,  is  intact.  The  iron  reaction  is  easily 
obtained. 

Section  oj  two  small  nodules,  lying  close  together  on  the  surface  oj  the  ileum. 

These  cysts  are  entirely  separated  from  one  another.  They  have  originated  in 
the  external  muscular  coat  and  have  distended  the  subperitoneum.  The  larger  one 
has  invaded  the  whole  thickness  of  the  external  and  extends  to  the  outer  half  of  the 
internal  muscular  coat;  the  smaller  one  is  limited  to  the  outer  fibres  of  the  external 
muscular  coat,  and  does  not  greatly  distend  the  subperitoneum.  The  larger  cyst 
contains  the  usual  cells,  the  pigment  granules  are  quite  numerous,  but  few  pigmented 
cells  are  seen.  Two  sections  of  a  worm  occur.  The  infiltration  of  the  cyst  wall  is 
not  extensive,  and  very  few  eosinophiles  are  present.  The  small  cyst  contains 
numerous  polymorphonuclears  and  a  few  pigmented  leucocytes ;  the  erythrocytes  are 
very  hard  to  find.  No  section  of  a  worm  is  seen.  The  cyst  wall  of  the  external 
side  is  necrotic  and  infiltrated  with  polymorphonuclears  and  small  round  cells ;  on 
the  internal  or  visceral  side,  the  wall  is  densely  infiltrated  with  large  clumps  of 
eosinophiles,  some  small  lymphocytes,  and  a  few  pigment-containing  cells. 

Cyst  in  the  internal  and  external  muscular  coats. 

This  cyst  creates  a  bulging  both  on  the  inside  and  outside  of  the  bowel.  It  is 
dumb-bell-shaped  and  involves  the  inner  half  of  the  external  coat  and  the  whole  of 
the  internal  muscular  coat;  it  is  situated  diagonally  to  the  longitudinal  axis  of  the 
bowel.  The  two  broad  bases  are  joined  by  a  narrower  part  or  funnel.  A  section 
of  a  worm  is  lying  in  the  internal  part.  The  contents  consist  of  many  pigmented 
leucocytes  and  a  large  number  of  erythrocytes  and  pigment  granules.  In  the 
cavity  of  the  cyst,  in  the  internal  muscular  portion  several  very  large  giant  cells 
containing  pigment  granules  are  present.  The  cyst  walls,  composed  of  muscular 
fibres,  are  extensively  infiltrated  by  mononucleated  leucocytes  and  granulation  cells; 
the  part  in  the  internal  coat  contains  several  giant  cells.  The  lymphatics  to  the 
subperitoneum  contain  many  mononuclear  pigmented  leucocytes.  The  vessels  in  the 
intermuscular  space  are  filled  with  mononuclear  leucocytes  and  normal  looking  red 
blood  cells.  Some  of  the  veins  are  compressed  by  the  extensive  infiltration. 

Cyst  in  the  external  muscular  coat  over  a  Peyer's  -patch . 

The  cyst  extends  through  the  whole  of  the  external  and  part  of  the  internal 
muscular  coat;  the  infiltration  is  extensive  and  reaches  as  far  as  the  submucosal 
space.  The  contents  of  the  cyst  are  leucocytic,  and  do  not  present  any  unusual 
characters;  no  giant  cells  are  seen.  The  walls  are  infiltrated  by  large  mononuclears, 
some  small  lymphocytes,  and  a  very  few  eosinophiles ;  the  infiltration  extends  to  the 
middle  of  the  submucosa,  but  no  cells  have  passed  the  muscularis  mucosae.  The 
epithelial  cells  of  the  mucous  membrane  are  swollen,  and  many  are  slightly  necrotic ; 
the  lymphoid  tissue  of  the  glands  is  congested  and  small  mononucleated  leucocytes 
are  quite  numerous. 

Other  portions  of  the  ileum  which,  apparently,  contain  a  submucosal  cyst,  on 
microscopical  examination,  are  found  to  consist  of  collections  of  small  tumours 
which  lie  closely  together,  but  are  absolutely  distinct.  It  is  not  unusual  to  find  two 
or  three  small  cysts  in  the  submucosa  and  one,  rarely  two,  in  the  internal  muscular 
coat.  It  is  quite  common  to  find  submucosal  and  external  muscular  cysts  in  the 
same  piece  of  bowel,  and  these,  by  their  invasion  of  other  coats,  closely  approximate 
one  another.  On  only  one  occasion  have  there  been  found  cysts  in  each  of  the 
coats,  viz.,  submucous,  internal  and  external  muscular  coats.  In  this  respect  the 
cysts  of  the  large  intestine  differ,  as  it  is  most  common  to  find  cysts  situated  in 
the  different  coats  lying  close  to  one  another. 
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On  examining  sections  from  three  different  portions  of  the  ileum,  in  ndditioo 
to  the  ordinary  cysts  containing  large  oesophagostome  larvae,  minute  larvae  of  i 
nematode  are  found  situated  in  various  parts  at  the  bawd  wail.  In  one  piece  man? 
larvae  are  situated  in  the  subperitoneal  space,  cut  ti.  'onofea 

is  lying  stretched  out,  or  again,  a  coil  or  two  are  tot) 

neighbourhood  of  the  blood  vessels,  but  none  is  Men  within.  In  the  second  piece 
of  gut,  the  large  cyst  invades  the  whole  of  the  internal  muscular  coat,  part  of  the 
external  muscular  coat  and  a  portion  of  the  submucosal  space.  Pirictlv  under  the 
muscularis  mucosae  but  outside  the  cyst  are  seven  portion  -  of  minute  larvae  in  cr:  - 
section.  In  the  third  portion  little  sections  of  minute  larvae  are  present  in  the 
external  muscular  coat  and  in  some  of  the  sections  numerous  cross-sections  of  larva 
are  found  in  the  deeper  part  of  the  submucosa.  Weinberg*  describes  minute  larva 
in  the  muscular  coats  of  the  large  intestine,  but  they  appear  to  be  surrounded  bva 
fibrous  sheath  which  is  not  seen  in  any  of  the  sections  which  I  have  examined.  I 
submitted  some  sections  to  Dr.  Weinberg.t  but  he  was  unable  to  give  an  opinio: 
regarding  the  cross-sections  of  these  small  larvae. 


Caecum 

Cord-like  tumour  of  caecal  wall. 

Ihis  proves  to  be  a  very  elongated  submucosal  cyst,  occupying  the  entire  space 
of  the  submucosa,  and  involving  the  inner  half  of  the  internal  muscular  coat,  and 
an  intermuscular  cyst  invading  both  muscular  coats,  and  infiltrating  but  no; 
distending  the  subperitoneal  space.  The  fibres  of  the  muscularis  mucosae  axe 
somewhat  atrophied  and  the  mucous  membrane  displaced. 

Large  mononuclears,  polymorphonuclears  and  enormous  vesicular  cells,  and  a 
few  eosinophiles  with  products  of  degeneration  form  the  cell  contents  of  the  cyst : 
erythrocytes  can  only  be  found  with  great  difficulty.  Two  transverse  sections  of  the 
worm  show  many  polymorphonuclear  and  a  few  mononuclear  leucocytes  in  the 
interior  of  the  intestine.  The  cyst  walls  are  extensively  infiltrated  with  mononuclear 
and JymphQit1  cells;  thick  rows  of  eosinophiles  occupy  the  middle  layers  and  extend 
with  the  infiltration  of  mononuclears  and  small  normal  cells  to  the  muscularis 
mucosae  The  internal  muscular  coat  and  intermuscular  space  show  the  same 
°f  infiltratl°n.  In  the  deeper  part  of  the  submucosa,  in  the  immediate 
rlnlhr!30^frh00d1,0f  the  cyst’  are  two  larSe  giant  cells  occupying  the  centre  of  a 
Smalfcln  1Sma  round  cells-  No  pigmentation  of  the  leucocytes  is  observed 

The  cvft  in  Z’w  baC,UU  ar6  ^ 

_ y  the  internal  and  external  muscular  coats  resembles  an  hour-glass, 

*  Weinberg,  M.  loc.  cit.,  p.  ,93. 

EllJre^WMt^^^J^^ff^  Jarves  sont  celles  de  l’cesophagostomt 

<  a  rA» i  j ’  *  c  qui  Je  trouve  dans  mes  preparations.’ 

ment,  i[  est  teuSenlTmralSnd'cfe  *r°.Uve’  coaime  vous  1’avez  vu,  un  oeuf.  Seule 
structure.  U  ne  faudn  d?  matl^re  colorante  qu’il  est  impossible  de  voir  sa 

nodule  hdmorrhagique  un  P&S  V°V-S  6tonner  si  un  jour  vous  trouvez  dans  un 

cela  existe.  Vou!  trouverez rS9rmpl,e.tement  adulte‘  C’est  exceptionnel,  mats 
mon  travail  d’ensemble  (n  \  .  lcat.lon  d  un  cas  semblable  au  bas  d'une  page  de 
.  n  est  -^r  (P'  2°2)  Archlves  de  Parasitologie.’ 

infiltration  par  des^cellnltt  la  Paroi  de  vos  nodules  il  existe  une  forte 

singes.’  y  QeS  Cellules  Eosinophiles,  ce  qui  n’existe  pas  toujours  chez  les 

Je  les  ai  vus  dans  1Jad paroi  ,Rafasitaires  dans  les  ganglions  lymphatiques 

diaphragme.’  parD1  de  1  estomac,  dans  la  paroi  abdominal;  dans  le 

JSre,dans  ^r^arti^pl-ofonde^de^a*68  larves’  dont  on  voit  un  tres  grand 

d  Oesophagostome;  c’est  possible  •  sous-muqueuse,  sont  bien  les  larves 

1  ble  mars  je  ne  puis  pas  l’affirmer.’  (April,  1910.1 


the  constricting  area  being  at  the  level  of  the  intermuscular  space.  The  contents 
are  rich  in  degenerated  erythrocytes  and  a  few  pigmented  mononuclears.  A  large 
pigmented  giant  cell  is  situated  alongside  a  longitudinal  section  of  the  head  of  a 
worm.  The  walls  are  infiltrated  almost  exclusively  with  small  round  cells  and 
some  mononuclears.  The  vessels  in  the  neighbourhood  are  filled  with  erythrocytes 
and  mononucleated  leucocytes.  The  infiltration  in  the  subperitoneal  space  is  not 
intense  and  consists  of  mononuclears  and  a  few  small  round  cells.  Minute  traces 
of  pigment  are  observed  in  many  of  the  leucocytes  collected  about  the  small  veins  S 
no  pigmented  cells  are  seen  inside  the  vessels. 

Cord-like  tumour  with  small  necrotic  -patch  in  mucous  membrane. 

It  was  found  impossible  to  cut  out  the  mass  from  the  wall  of  the  caecum  without 
dividing  a  cyst  in  the  subperitoneum.  A  small  immature  female  oesophagostome  was 
drawn  out.  Section  of  wall  was  24  mm.  long,  the  tumours  occupied  20  mm.  The 
submucosal  tumour  consists  of  a  series  of  cysts  occurring  in  a  group  of  three  small 
submucosal  cysts  lying  alongside  one  another,  a  fourth  and  larger  cyst  occupying 
the  entire  submucosal  space,  a  fifth  cyst  in  the  internal  and  external  muscular  coats, 
a  sixth  and  minute  one  in  the  submucosa,  the  seventh  being  a  slightly  larger  one  in 
the  submucosa  and  involving  some  fibres  of  the  internal  muscular  coat.  On  the 
peritoneal  side  of  the  section  is  seen  the  subperitoneal  cyst  divided,  and  near  at 
hand,  a  dark  brown  mass  occurring  in  the  loose  tissues  of  the  subperitoneum. 

The  contents  of  the  group  of  three  tumours  vary  considerably.  The  outer  cyst 
is  composed  almost  entirely  of  mononuclear  leucocytes  and  a  few  pigment  cells.  A 
diagonal  section  of  a  worm  contains  a  few  mononuclears.  The  outer  half  of  the 
adjoining  walls  are  infiltrated  with  eosinophiles.  The  second  cyst  contains  a 
number  of  partially  degenerated  erythrocytes  and  some  large  mononuclear  and 
pigmented  leucocytes,  the  transverse  section  of  the  worm  showing  that  there  are 
many  erythrocytes  in  the  intestine,  and  slight  pigmentation  of  some  of  the  cells 
lining  the  gut;  the  walls  are  infiltrated  with  many  more  mononuclear  leucocytes 
than  the  first  cyst,  and  contain  many  eosinophiles;  pigmented  mononuclears  are  seen 
traversing  the  muscular  coat. 

The  two  cysts  lie  very  close  together  and  do  not  distend  the  submucosal  space. 

The  third  cyst  contains  no  worm,  and  its  contents  consist  chiefly  of  polymorpho¬ 
nuclear  leucocytes  and  a  few  large  pigmented  mononuclears,  and,  in  the  wall  next 
to  the  fourth  or  larger  cyst,  are  several  large  peripherally  pigmented  giant  cells. 
The  tissues  of  this  wall  are  necrotic,  especially  the  outer  ones,  a  condition  due  to  the 
extensive  necrotic  condition  of  the  fourth  cyst.  The  infiltration  is  particular  y 
intense  about  the  wall  adjacent  to  the  internal  muscular  coat. 

The  fourth  cyst  contains  two  cross  sections  of  a  worm  and  exhibits  all  the 
characters  of  an  abscess,  l’us  cells  are  numerous;  many  Gram-positive  cocci  and 
short  bacilli  are  present  in  the  cyst  and  also  in  the  intestine  of  the  worm.  The  walls 
are  necrotic  and  the  necrosis  extends  to  the  mucosa,  where  there  is  a  small  necrotic 
ulcer.  The  infiltration  of  mononuclear  and  polynuclear  leucocytes  is  very  extensive, 
and  part  ot  it  extends  to  the  fifth  cyst,  which  is  situated  in  the  two  adjoining  halves 
of  the  internal  and  external  muscular  coats.  The  number  of  eosinophiles  present  is 
scanty,  and  no  pigment  or  erythrocytes  can  be  seen. 

The  fifth  cyst  occupies  the  outer  half  of  the  internal  and  the  inner  half  ot  the 
external  muscular  coat.  The  cavity  is  small,  and  is  filled  with  mononuclears  and  a 
few  large  polygonal  non-pigmented  nucleated  cells.  A  cross-section  of  a  worm 
contains  only  mononuclear  cells.  The  muscular  walls  of  the  cyst  are  moderate  y 
infiltrated  with  mononuclear,  small  round  cells  and  a  few  eosinophiles. 

The  sixth  cyst  is  a  minute  one  in  the  middle  of  the  submucosa.  It  is  free  on 
all  sides,  and  does  not  exhibit  any  great  infiltration  of  the  cyst  walls.  Red  bloo 
cells,  many  of  them  well  preserved,  a  scanty  number  of  mononuclears,  free  pigment 

granules,  and  a  few  pigmented  leucocytes  comprise  the  contents  of  this  cy  st.  -  cross 

section  of  a  small  worm  contains  hardly  any  blood  cells.  The  connective  tissue  o 
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the  walls  is  infiltrated  with  some  erythrocytes,  mononuclear  cells,  and  a  few 
pigmented  leucocytes. 

The  seventh  cyst  is  small  and  in  the  submucosa,  but  it  involves  some  of  the 
fibres  of  the  internal  muscular  coat.  Mononucleated  leucocytes  and  degenerated 
erythrocytes,  with  a  section  of  a  worm  containing  some  pigmented  cells  and  a  few 
degenerated  erythrocytes,  are  found  in  the  cavity  of  the  Cy*t.  Two  thin  incomplete 
bands  of  connective  tissue  practically  subdivide  the  cavity  into  three  little  chambers 
which  communicate  with  one  another.  The  walls  show  a  moderate  infiltration  of 
mononuclears,  small  round  cells  and  a  great  number  of  eosinophiles.  Small  rows  of 
pigmented  cells  cross  the  muscular  coats  and  are  collected  in  little  clumps  in  the 
subperitoneal  space. 

It  is  evident  that  the  fourth  cyst  was  infected  from  the  ulcer  of  the  mucous 
membrane,  and  that  the  necrosis  extended  to  the  third  cyst. 


Colon 

Section  through  thickened  wall  of  colon  at  level  of  fold  of  mucous  membrane. 

Cross-section  of  the  wall  shows  two  small  cysts  in  the  submucosa,  under  the  fold 
o  mucous  membrane.  Their  contents  are  purely  haemorrhagic,  and  only  comprise 
erythrocytes  and  a  few  mononuclears  with  a  section  of  a  worm  in  each  cyst.  In  the 
internal  muscular  coat  is  a  long  narrow  cyst  with  dense  fibrous  cells.  The 
contents  of  the  cyst  are  degenerated  red  blood  cells,  pigment  granules,  and  several 
g  ant  cells  containing  considerable  pigment ;  a  cross-section  of  a  worm  is  seen  with 
m  ,  rous*  oo  aiig  cells  in  its  intestine.  The  cyst  is  confined  to  the  internal 
s  hn?r  ^LCOa  Apfma11  cyst  is  situated  in  the  external  coat  and  extends  to  the 
and  fUm'  int«rmuscular  space  is  infiltrated  by  mononuclear  leucocytes 

ervth rr  r  t  OSm?P  11  es'  *  he  contents  of  this  cyst  are  mononuclears  and  degenerated 
bS  «hp5l!5'  2  Sm,a,H  SeCti°"  °f  a  worn’l  Siam  or  pigment  cells  are  seen, 

develoned  a  “nsI^erablc  number  o£  eosinophiles.  Near  this  cyst,  but  apparently 
P,T°T^  “  a  fibr°“S  enc,osed  <**•■  The  oavity  contains  the 
wo“m“  found  sff/  t  and  a  fe”  Polymorphonuclear  cells.  No 

calcified  ores  to  St  ,nds  of  apparently  new  connective  tissue  cross  the  cyst.  A 
and  a  few  gianfcell ^  arc  the' '  ,Ihewalls  contain  some  mononuclear  leucocytes, 

outer  oerTtoSVnti  •  S‘de  adjolmnS  the  internal  muscular  coat.  The 

found he“tst  b,nn?  “Vered  »‘th  Iayms  of  fibrous  caudate.  No  bacilli  are 
present  7  “  the  °n,er  la^rs  °f  “udate  a  few  small  bacill,  are 

Cysts  invading  the  ileo-caecal  valve. 

bad  "apparendydruptu^dS mid* al tl^  escape^f  Sthe °*  “  SUb“UhCOSaI  cyst  which 

scanty  and  comprised  a  men  i  ChCaPe  of  the  worm.  1  he  contents  were 

Much  new  connective  tissue  was  presentTn^hTr*1  f  nUmber  °f  sma11  round  ceIls* 
Giant  cells  were  present  in  the  submm-r  l  ?■  yst.cavity.  No  bacilli  were  found, 
the  cyst.  th  submucosal  tissue  immediately  beyond  the  wall  of 

cystsfSToS^  secticms  of  ^  '*""*-*•  “  comprises  two  small 

and  press  upon  the  muscularis  mnr  &  '\?nn’  W  lich  distend  the  submucosal  space 
but  no  giant  cells  ^gmented  leucocytes  are  very  numerous, 

of  large  mononuclears I  small  Iymoh^  "  ‘U  thr«  ■***■  is  a"d  CO"^ 

the  neighbourhood  are  full  of  normal-ton?  i  ufW  eosinoPhiles.  The  vessels  in 
Various  other  nodules  in  the  ing  *!ed  b,ood  cel,s  and  mononuclears, 

have  the  characters  already  noted  “IOn  Were  secti™ed  aad  ^nd  to 

the  'mucous  Sembra^"^^^^6^  im“ed^™bVow  smalfulterat^nsof1 
the  area  was  partially 
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the  cyst  walls  were  not  attacked  so  long  as  the  muscular  is  mucosae  remained  intact. 
In  one  case  the  necrosis  affected  the  outer  half  of  the  adjacent  cyst  wall. 

Examination  of  the  extensive  black  patches  occurring  in  the  wall  of  the  gut  has 
been  unsatisfactory.  Some  of  the  patches  are  situated  in  the  submucosa,  others  are 
in  the  subperitoneal  space.  The  patches  are  caused  by  extravasated  blood,  and  many 
well-preserved  erythrocytes  are  still  present ;  much  blood  pigment  has  been  soaked 
up  by  the  surrounding  tissues,  while  only  a  moderate  number  of  macrophages 
contain  pigment.  One  or  two  patches  in  the  subperitoneum,  in  the  vicinity  of  cysts 
were  invaded  by  large  giant  cells,  many  of  which  contained  pigment.  Evidences  of 
repair  were  present  in  all  the  extensive  areas.  Iron  pigment  was  rarely 
demonstrable.  No  traces  of  oesophagostome  larvae  or  ova  have  been  found. 

Appendix  vermijormis.  Sub -peritoneal  tumour ,  sectioned  transversely. 

This  large  cyst  has  developed  in  the  subperitoneal  space  of  the  wall  of  the 
appendix,  and  from  there  has  extended  outwards  into  a  cyst-mass  larger  than  the 
appendix.  The  external  muscular  coat  of  the  appendix  is  not  involved.  Between 
the  external  muscular  coat  and  the  tumour,  the  large  blood  vessels  are  seen  cut 
across  ;  these  are  filled  with  red  blood  cells  and  some  leucocytes.  Other  blood  vessels 
follow  the  peritoneal  fascia  along  the  tumour  wall,  penetrating  to  the  interior  of  the 
cyst.  The  walls  of  the  cyst  consist  of  well  organized  connective  tissue,  and  from  the 
main  walls  thick  strands  cross  the  cavity  and  divide  it  into  two  main  parts.  A 
study  of  serial  sections  proves  that  the  cyst  tumour  consists  of  an  internal  or 
proximal  and  an  external  or  distal  cyst.  They  are  separated  by  the  main  divisional 
wall,  which  is  continued  completely  across,  from  the  upper  to  the  lower  walls  of  the 
tumour.  These  cysts  are  subdivided  into  small  chambers  by  incomplete  side  walls 
of  connective  tissue.  In  one  of  the  chambers  of  the  distal  cyst  two  transverse 
sections  of  a  worm  are  seen ;  in  other  slides  longitudinal  sections  of  the  cephalic  end 
of  the  worm  are  found  in  the  larger  chamber  of  the  external  cyst.  The  serial 
sections  show  that  the  proximal  cyst  contains  no  worm. 

The  contents  of  the  cyst  are  mainly  leucocytes  and  red  cells.  Great  numbers  of 
polymorphonuclears  are  present  in  the  cyst  chambers,  and  the  partition  walls  are 
infiltrated  by  mononuclears. 

Higher  magnification.  The  contents  are  nearly  all  pus  cells  with  a  few 
well-preserved  and  many  degenerated  erythrocytes,  a  few  mononuclears,  free 
pigment,  and  granular  d6bris.  The  outer  walls  of  the  proximal  cyst  are 
lined  with  well-preserved  pavement  epithelium.  The  connective  tissue  is 
infiltrated  by  masses  of  mononuclears  and  some  small  round  cells.  Very  few 
eosinophiles  are  seen.  The  blood  vessels  are  large,  and  the  veins  are  filled  with 
many  polymorphonuclear  and  mononuclear  leucocytes,  and  well  preserved 
erythrocytes.  No  bacilli  or  cocci  are  to  be  found.  The  sections  of  the  worm  show 
that  the  intestine  contains  some  normal-looking  and  degenerated  red  blood  cells. 
Large  pigmented  cells  are  found  in  the  proximal  cyst,  and  a  few  giant  cells  are  in 
the  wall. 

The  spleen  sections  show  a  very  marked  hyperplasia  of  the  connective  tissue  of 
the  capsule  in  which  are  numerous  capillaries  full  of  erythrocytes  and  some 
mcnonucleated  leucocytes ;  in  places  the  fibres  are  undergoing  hyaline  degeneration. 
The  fibres  of  the  upper  strata  are  infiltrated  with  mononuclear  and  polymorphonu¬ 
clear  leucocytes;  the  lower  strata  of  the  fibrous  mass  is  not  so  much  infiltrated. 
Golden  brown  to  black  pigment  is  scattered  throughout  the  spleen  in  small  and 
large  clumps.  It  is  especially  marked  about  the  blood  vessels  in  the  trabeculae  and 
in  the  centre  of  the  follicles.  Many  lymphoid  cells  appear  to  be  degenerated ;  large 
mononuclear  cells  are  present  in  the  sinuses  and  lymphatics.  An  overgrowth  of 
fibrous  tissue  has  occurred  in  the  tissue  near  the  capsule.  Many  cells  stain  badly, 
but  this  may  be  due  to  decomposition.  This  is  especially  the  case  with  the  liver 
and  kidneys. 
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The  liver  exhibits  slight  interstitial  changes ;  small  round  cells  are  collected 
around  the  portal  sheaths,  golden  brown  to  blackish  pigment  is  deposited  in  somt 
of  the  peripheral  cells  of  the  lobules  and  in  the  interspaces.  The  organ  shows 
extensive  decomposition,  and  large,  bacilli  are  present. 

The  kidneys  evidence  cloudy  swelling,  and  the  vessels  are  filled  with  blood 
The  organs  are  too  decomposed  to  admit  of  more  exact  determination  of  the  change, 
present. 

The  heart  muscle  is  degenerated  and  the  fibres  show  some  fatty  degeneration 
The  muscle  of  the  left  ventricle  is  hypertrophied,  and  contains  some  brownish-black 
pigment  granules,  which  do  not  give  the  iron  reaction.  Around  the  aortic  r: 
is  a  pronounced  area  of  old  atheromatous  changes,  and  one  or  two  of  the  plaque- 
are  calcified. 

The  mesenteric  glands  show  hyperplasia  of  the  connective  tissue  reticulum: 
the  lymphoid  cells  are  increased,  and  large  mononuclear  and  multinucleated  cells 
are  present.  Pigment  granules  are  found,  but  not  in  any  great  number.  Eosino-  I 
philes  are  especially  numerous  in  the  small  retro-caecal  glands.  In  some  of  the  1 
glands  near  the  diseased  bowel,  spots  of  necrosis  are  found  ;  the  lymphoid  cells 
stain  badly,  and  are  very  granular ;  polymorphonuclear  leucocytes  are  accumulated 
in  the  lymph  spaces. 


The  Brazilian  case  of  oesophagostomiasis  corresponds  to  the  cases 
of  the  disease,  occurring-  in  apes  and  monkeys,  described  by  W  einberg. 
In  certain  important  points  the  case  in  man  differs.  The  lesions  are 
more  extensive  in  the  Brazilian  case  ;  more  tumours  are  formed,  and 
greater  damage  appears  to  have  been  caused  to  the  wall  of  the  bowel. 
The  oesophagostome  larvae  have  developed  in  the  small  intestine  of 
the  man,  an  unusual  occurrence,  as  Weinberg  has  not  recorded  such 
a  situation,  and  it  was  believed  that  the  cysts  of  oesophagostomes 
were  limited  by  the  ileo-caecal  valve.  It  is  probable  that  the  cysts 

m  the  ileum  are  of  more  recent  development  than  those  in  the  caecum 
and  colon. 


em  erg  records  the  presence  of  an  adult  female  cesophagostor 
and  of  spherical  eggs  measuring  52  /*,  in  the  cyst  cavity  of  a  nodi 
taken  from  the  caecum  of  a  chimpanzee,  and,  in  another  case,  he  h 
found  minute  larvae  in  the  muscular  coat.  In  the  Brazilian  case 
ave  no  as  yet  succeeded  in  discovering  either  a  mature  worm  or  tl 

findm  *  °rei  *Um°UrS  are  stl11  being  sectioned  in  the  hopes 
nreseif  “/“fn  which  would  help  to  explain  tl 

peritoneum  ^  Sma“  SeCti°nS  °f  larvae  in  the  submucosa,  - 
peritoneum  and  intermuscular  spaces. 

ileum,  eleven  of 'the6*1  fr°m  e*amination  of  twelve  nodules  of  tl 
appendix  verm  f  CaeCUm'  °f  the  Ue°-«ecal  valve,  one  ■ 

following  conclusions  being  dZn^  *D°W  °f  “ 
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i.  The  oesophagostome  larvae  *  as  stated  by  Weinberg,  reach  the 
bowel  by  way  of  the  blood.  The  larvae  rupture  a  small  blood  vessel 
and  become  encysted  in  the  submucosa,  in  the  internal  or  external 
muscular  coats  of  the  bowel  or  in  the  subperitoneal  space.  In  no  case 
has  a  cyst  been  found  above  the  level  of  the  muscularis  mucosae.  The 
favourite  sites  for  the  development  of  the  cysts  appear  to  be  in  the 
submucosa  and  external  muscular  coat  with  invasion  of  the  sub- 
peritoneal  space.  Cysts  developing  primarily  in  the  internal  muscular 
layer  are  not  uncommon.  The  subperitoneal  space  appears  to  be  a 
favourite  site  for  the  cysts  of  the  ileum,  but  in  the  caecum  and  colon 
it  is  extremely  rare  to  find  a  subperitoneal  cyst.  Nearly  all  the  cysts 
have  developed  in  the  outer  fibres  of  the  external  muscular  coat  and 
have  immediately  extended  to  the  looser  tissues  of  the  subperitoneal 
space.  In  no  case  has  a  cyst  been  found  to  contain  more  than  one 
worm. 

2.  The  worm  can  moult  and  become  an  immature  oesophagostome 
and  leave  its  cyst  cavity.  Weinberg  has  found  them  in  the  lumen  of 
the  intestines.  An  empty  cyst  can  become  cicatrized  or  calcified. 
Acute  inflammation  of  a  cyst  does  not  affect  the  larva. 

Necrosis  of  one  cyst  can  extend  to  another  one  lying  in  the 
immediate  vicinity.  The  amount  of  infiltration  around  a  cyst  depends 
to  a  certain  extent  on  the  amount  of  irritation  produced  by  the  worm. 
Weinberg  has  shown  that  the  cesophagostome  can  produce  haematoxic 
substances  analagous  to  those  secreted  by  the  sclerostome  of  the  horse, 
and  it  is  probable  that  this  affords  an  explanation  of  the  number  of 
eosinophiles  observed  around  some  cysts  and  not  around  others, 
although  they  may  be  lying  close  at  hand.  The  infiltration  can  be 
induced  by  bacilli  entering  the  cyst  by  way  of  the  blood  stream,  or  by 
ulceration  of  the  distended  mucous  membrane. 

The  haemorrhagic  contents  of  the  cysts  and  the  degeneration  of 
the  blood  cells  cause  the  formation  of  iron  pigment,  which  can  be 
taken  up  by  large  leucocytes  and  conveyed  to  the  subperitoneum. 
Iron  pigment  has  been  found  in  large  quantities  in  the  spleen  and, 
to  a  less  extent,  in  the  liver  and  mesenteric  glands. 


*  The  larvae  obtain  nourishment  from  their  host.  Many  erythrocytes  have  been  found 
in  the  lumen  of  the  intestine  of  a  worm.  Pus  cells  and  bacilli  are  frequently  found  if 
the  contents  of  the  cyst  are  septic. 
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Plate  I. 


CaUUm  and  asc‘!ldi»g  colon.  Along  the  long.tudrnal  muscular  band 
some  of  the  raised,  dark,  transverse,  haemorrhagic,  sub- 
peritoneal  cysts  can  be  seen,  also  two  small  oval  ones 
arbe  tumour  masses  are  developed  in  the  submucosa; 
many  of  them  have  been  opened  up.  Note  the  transverse 
arrangement  of  the  cysts.  The  raised  ochre-coloured 

«-uS  arC  ^°C*  necroses  occurring  in  the  cyst  walls, 
i  e  surrounding  mucous  membrane  is  inflamed  and 

third  f  f u  Jar®’e  sul3mucosaI  tumour  is  seen  in  the  lower 
of  the  plate.  (Compare  Plate  III,  fig.  2).  The  cut 

amount  °  f  •  C  Cross'sectlons  gives  a  good  idea  of  the 

honev  °  ™Bltratlon  caused  by  these  cysts,  and  the 

tudS T  d,  C°Knditi°n  °f  the  about  the  long.- 

por don  f  r  f  ^  iS  eSpecia^  we!I  seen  in  the  lower 
Portron  of  the  drawing.  (Compare  Plate  V,  figs,  t,  ,) 
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Plate  I. 


.  «  Along  tht  longitudinal  muscular  C : 

*'■  '  '  cyst*  can  be  seen,  also  two  small  oval  oiks. 

u.  t  umour  raaj-»  ;  re  d  \  eloped  in  the  submuctsa 
many  of  them  have  bc<  d  up.  Note  the  transverse 

aii.ingement  of  the  cy  The  raised  ochre-colour  if 


1  lies  are  loci  of  ;  u  <  curring  in  the  cyst  v.  all  - 
and  tire  surround*/  g  membrane  is  inflamed  arc! 

ulcerated.  A  la: 
third  of  the  plat, 
surface  of  tl. 
amount  of 
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porti<  >#,  .  i 


tumour  is  seen  in  the  lower 
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1  by  these  cysts,  and  the 
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Plate  I. 


OEsophagostomum  stephanostomum  var  Thomasi 
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Plate  II. 

Fig.  i.  Caecum  and  appendix.  External  surface.  The  gut  was 
held  up  to  the  light  in  order  to  show  more  clearly  the 
extent  of  the  black  haemorrhagic  patches.  Note  the  black 
areas  at  the  apex.  These  are  masses  of  subperitoneal 
tumours  infiltrating  a  longitudinal  muscular  band.  Some 
necrotic  and  calcareous  patches  are  seen  coloured  yellow. 
Appendix  vermiformis.  Probe  passed  through  lumen 
into  caecum.  Notice  tumour  mass  on  wall  of  caecum;  it 
is  composed  of  a  number  of  submucosal  and  subperitoneal 
cysts. 

Fig.  2.  Compare  Piate  III,  fig.  i. 

Interior  of  Caecum.  Edges  of  bowel  held  apart,  and 
tumour  masses  depicted  by  transmitted  light,  so  as  to  show 
the  thickening,  and  the  cord-like  appearance  of  the  cysts. 
1  hese  masses  are  composed  of  a  number  of  submucous, 
haemorrhagic  cysts  near  each  other.  Note  the  general 
tumour  development  at  the  upper  and  lower  portions  of 
the  drawing;  these  correspond  to  the  clusters  of  sub¬ 
mucosal  and  subperitoneal  cysts  about  the  longitudinal 
muscular  bands.  Probe  passed  through  appendix. 
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Plate  II. 


Fig.  i  Caecum  and  appendix.  External  surface.  The  gu' 
held  up  to  the  light  in  order  to  shov/  more  clearly  ' 
extent  of  the  black  haemorrhagic  patches  Note  the  l1’  * 
areas  at  the  apex.  These  are  masses  of  subperUor- 
tumours  infiltrating  a  longitudinal  muscular  band  Sen. 
necrotic  and  calcareous  patches  are  seen  coloured  yell-* 
Appendix  vermiformis.  Probe  passed  through  lur,  ' 
into  caecum.  Notice  tumour  mass  on  wall  of  caecum;  : 
is  composed  of  a  number  of  submucosal  and  suhpento; 
cysts. 

Fig.  2.  Compare  Fiat e  III,  fig  i 

1ntr* mt  t  ■  Edges  of  bowel  held  apart,  aid 

un;'’M  ’  (  i  by  transmitted  light,  so  as  to  si  « 

‘  di<  cord-like  appearance  of  the  cysts, 
imposed  of  a  number  of  submucous 
•  s  near  each  other.  Note  the  gene 
"‘»  »ent  at  the  upper  and  lower  portion'  ' 
uese  correspond  to  the  clusters  of  ul 
•  ‘i.j  subperitoneal  cysts  about  the  longitude 
Probe  passed  through  appendix. 
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OEsophagostomum  stephanostomum  var.  Thomasi. 
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Plate  III, 

g-  J-  Caecum.  The  cord-like,  twisted  masses  of  cysts  are  all 
merging  into  one  broad  area  (here  it  is  the  anterior  long¬ 
itudinal  band).  Note  the  outline  of  a  worm  showing 
through  the  greatly  thinned  mucous  membrane.  The 

thickening  of  the  wall  is  well  seen.  (Compare  Plate  II, 
fig.  2.) 

g  Interior  of  colon.  A  number  of  submucous  cysts  are  seen. 

n  the  upper  left-hand  comer  of  the  drawing  is  a  large 
cys  ,  (m  late  I,  seen  in  lower  third  of  drawing),  the  size 
Can  ^°te  necrotic  patches  in  some  of  the 
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Plate  III, 


Caecum.  The  cord-like,  twisted  masses  of  cysts  arc 
mergmg  into  one  broad  area  (here  it  is  the  anterior  la. 
itudmal  band).  Note  the  outline  of  a  worm  show 
roug-  the  greatly  thinned  mucous  membrane,  i  h 
hickening  of  the  wall  is  well  seen.  (Compare  Plate  h 
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Plate  IV. 

External  surface  of  ileum.  The  large  leech-like  masse- 
are  subperitoneal  haemorrhagic  cysts.  Each  mass  is 
composed  of  one  cyst. 

External  and  part  of  internal  surface  of  ileum.  Portion 
of  intestine  showing  small  oval  and  leech-like  cysts.  Cyst 
opened  and  worm  partially  withdrawn.  (Compare  fig-  5 
To  the  extreme  right  of  drawing  is  a  triangular  piece  of 
the  hypertrophied  external  muscular  and  peritoneal  coats 
of  the  bowel,  and  from  the  end  are  seen  projecting  portions 
of  two  worms.  (Compare  fig.  4.)  Below  this  is  a  long 
cylindrical  submucosal  cyst. 

Small  oval  cyst  as  depicted  in  fig.  2.  x  8. 

Hypertrophied  external  muscular  and  peritoneal  coats, 
showing  the  ends  of  two  worms  as  depicted  in  fig.  2.  x  ^ 
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Plate  V. 

Fig.  i.  Cross-sections  of  wall  of  colon  and  caecum.  Infiltration 
and  honeycombed  condition  produced  by  submucosal,  sub- 
peritoneal  or  intra-muscular  cysts.  Note  the  size  of  some 
of  the  cyst  cavities,  and  the  number  of  cysts  in  a  small 
piece  of  bowel  wall.  The  hyperplasia  of  the  fibrous  tissue 
is  well  seen  and  resembles  the  rings  of  a  tree-trunk. 

Fig.  2.  Wall  of  caecum.  Thickening  of  wall  by  fibrous  tissue. 
This  cyst  was  greatly  inflamed. 

Fig.  3.  Ileum.  Two  small  nodular  subpcritoneal  cysts.  They  do 
not  communicate  with  one  another. 

Fig.  4.  Small  omental  gland ,  showing  oesophagostome  partially 
withdrawn.  It  had  penetrated  the  gland  and  become 
encysted.  x  12. 

Fig.  5.  Ileum.  Two  small,  flat,  button-shaped  subperitoneal  cysts 
The  cysts  are  quite  separate. 

Fig.  6.  Ileum.  Note  subperitoneal  cyst  on  side  of  mesenteric 
attachment.  It  is  attached  to  the  side  wall  and,  with  two 
small  submucosal  cysts,  has  produced  a  puckering  of  the 
wall  of  the  intestine.  Several  of  these  cysts  produced  a 
sacculated  condition  of  the  tube. 

Fig.  7.  CEsophagostome  lying  on  external  surface  of  colon.  The 
gastro  epiploica,  by  which  it  was  covered,  is  turned  back. 
Note  three  small  yellowish  points  near  the  worm;  these 
are  parts  of  worms  in  other  cysts.  The  membranous 
coverings  of  the  cysts  were  very  thin,  and  were  torn  in 
drawing  back  the  pad  of  fat.  The  small  dark  round  spot 
“  made  by  the  worm  escaping  from  its  cyst. 

g-  8.  Colon.  CFsophagostome  withdrawn  from  its  cyst  cavity, 
x  20. 

S  9  Colon  Two  cysts  magnified  to  show  their  plastic  form, 
x  16.  F 

F>g.  10.  CEsophagostome.  It  had  ruptured  the  walls  of  its  sub- 

eri  onea  Cyst  ancj  had  penetrated  the  mesenteric  attach¬ 
ment  of  the  ileum.  *  I2. 
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Plate  Va 

Portion  of  ileum  showing-  leech-like  subperitoneal  cyst 
Longitudinal  section.  In  the  degenerated  haemorrhagic 
contents  two  sections  of  a  worm  are  lying.  Note  the 
collection  of  leucocytes  around  the  inside  of  the  wall  of  the 
cyst  and  the  leucocytic  infiltration  of  the  walls.  In  the 
internal  muscular  coat  is  a  small  cyst.  The  leucocytic 
infiltration  is  extensive  and  extends  into  the  submucosa. 


PLATE  VA- 
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Plate  Vb 

Subperitoneal  tumour  growing  from  the  wall  of  the  appendix 
vermiformis.  Note  the  division  of  the  tumour  into  two 
cysts  and  the  partial  sub-division  of  them  by  bands  of 
connective  tissue.  The  contents  of  cysts  are  chiefly  pus 
cells.  1  wo  cross-sections  of  an  cesophagostome  are  seen 
in  the  outer-cyst. 
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ETUDE  ZOOLOGIQUE  DE 
L’CESOPHAGOSTOME  DE  THOMAS 


PAR 

A.  RAILLIET,  Professeur 

ET 

A.  HENRY,  Chef  de  Travaux 

A  L’fiCOLE  NATION  ALE  VETERINAIRE  D’Al.FORT 

(Received  for  ■publication  March  io ///,  1910,) 

(Plate  VI) 

L’examen  attentif  des  exemplaires  du  Nematode  quo  nous  a 
soumis  M.  le  Dr.  H.  Wolferstan  Thomas  nous  a  permis  de  relever  lcs 
caracteres  suivants :  — 

Le  corps  est  cylindroide,  epais,  attenue  seulement  vers  lcs 
extremites.  Le  tegument  est  strie  en  travers ;  les  stries  sont 
espacees  de  27  n  au  niveau  de  la  terminaison  de  l’oesopliage. 

L’extremite  anterieure  offre  une  breve  saillie  cuticulaire  (bvurre/et 
peristomique ),  en  arriere  de  laquelle  apparait  un  second  renfleiiieiit 
beaucoup  plus  ample  ( vesicule  cephalique).  Cette  vesicule  s’aUnmr 
progressivement  en  arriere  ;  mais,  dans  la  region  ventrale,  ellc  s’arrctc 
brusquement  au  niveau  dune  depression  transversalc  (fettle  vent  rah 
dans  laquelle  vient  deboucher  le  canal  excreteur  du  systeme  aquifere. 
Un  peu  en  avant  de  la  depression  dont  il  s’agit,  laquelle  est  situee  .1 
360-365  fj-  de  l’extremite  anterieure,  la  vesicule  cephalique  offre  un 
faible  retrecissement. 

A  500-580 n  de  l’extremite  anterieure,  existent  deux  papillcs 
laterales  (papilles  cervicales )  legerement  asymetriques,  a  base 
hemispherique  et  a  pointe  subulee. 

La  marge  de  labouche  est  garnie  de  38  lamelles  (coronulc  «  etc  me) 
dont  lextremite  libre  est  semi-circulaire ;  immediatement 
en  arfiere  de  ces  lamelles  se  montrent  en  nombre  double 
dautres  languettes  plus  courtes,  fortement  chitinisees  et  refringenti 
quon  peut  regarder  comme  representant  une  coronulc  interne. 
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La  bouche  donne  entree  dans  une  capsule  buccale  tres  surbaissee. 
dune  hauteur  moyenne  de  22 /i,  un  peu  dcprimec  en  avantsur laligne 
mediane  dorsale,  a  la  terminaison  du  court  tunnel  qui  protege  le  canal 
excreteur  de  la  glande  oesophagienne.  La  capsule  est  a  section 
ellipsoide  ;  elle  mesure  environ  1 1  5^  dans  son  diametre  dorso-ventral 
et  95 fi  dans  son  diametre  lateral. 

11  existe  six  papilles  cephaliques  traversant  le  bourrelet  peris- 
tomique  .  deux  laterales  a  base  large  ct  a  pointe  mousse,  et  quatre 
submedianes  plus  longues,  plus  aigues,  a  base  cylindrique. 

L  cesophage,  renfle  en  massue,  est  long  de  1  mm.  100  a  1  mm.  200, 
sur  une  largeur  maxima  de  225  a  275/1  atteinte  vers  le  sixieme 
posterieur  ,  a  son  extremite  anterieure,  sa  lumiere  s’evase  en  un  large 
entonnoir  occupe  en  grande  partie  par  des  replis  du  revetement 
chitineux  qui  constituent  six  grosses  dents  mousses. 

male  est  long  de  17  a  22  mm.,  6pais  d’environ  750/1.  II  est 
p  rvu  une  boui  se  caudale  form ee  de  deux  lobes  lateraux  tres  amples 
ns  par  un  petit  lobe  median  legerement  echancre.  Les  cotes  sent 
I--  es  et  niassives ,  les  anterieures  et  les  moyennes  sont  fendues, 
posterieures  et  les  posterieures  externes  naissent  d'un  tronc 
j  j  ’  CS  Post:erieures  portent  un  rameau  lateral  court,  incurve  en 

Dphy  •  1!^SerJ  vers  ^eur  tiers  superieur.  Deux  papilles  prebursales. 

-  spicules  egaux,  mesurant  1  mm.  380  a  1  mm.  475,  a  extremite 
,lbre  dement  arquee  en  faucille. 

La  feme l / e  est  longue  de  16  ^  ,  .  „ 

le  mi1i#-i.  j  ,  ,  a  20  mm.,  epaisse  d  environ  900/i  vers 

attenuee ;  elL  est  termirL  L’eXtr6mit6  caudaIe  est  brusquement 

retrousse  vers  la  face  dr  r  7  ^  appendice  coniclue  ParfolS 

qui  sont  probablement  lesYoSl^  7™  petites  papiUes  Iat6raleS 

male.  L’anus  est  situo  '  '  °]°gues  des  Papilles  prebursales  du 
vulve  a  soo  c-?r  f  23°/“  environ  de  l’extremite  posterieure,  la 

t^mentaTre  ‘  “*  ^  “  Pennant  lieu  a  aucune  saillie 

qui  sont  tres  courts  et”  C°Urt,traJet  en  uvant,  aboutit  aux  ovejecteurs, 
longitudinale  oblongueT^tT’  f,°rmant  dans  Ieur  ensemble  une  poche 
en  un  puissant  bulbe  a-lnU  l  ^  T**  extr6mites  sont  renflees  chacune 
suite  la  partie  non  m  ,  °UX  ien  d*stinct.  A  chaque  bulbe  fait 
l’uterus  anterieur  se  dirifire  7^  ^  l  ut6ms  auquel  appartient: 

boucle  tres  courte  pour  prendre  fe  d^eeL  raUtre  d*Crit  ** 

iccrion  du  premier. 
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Aucune  des  femelles  examinees  ne  contenait  d’oeufs ;  il  s’agissait 
done  de  formes  immatures. 

Les  caracteres  qui  precedent  permettent  de  classer,  sans  hesitation, 
ce  parasite  dans  le  genre  ( Esophagostomum  Molin,  1 86 1  de  la 
famille  des  Strongylidce ,  sous-famille  des  Strongy  lines ,  section  des 
(Esophagostomeee.  Ce  genre  est  caracterise  par  sa  capsule  buccale 
tres  surbaissee,  souvent  meme  reduite  a  un  simple  anneau  cbitineux, 
par  sa  marge  buccale  pourvue  de  lamelles  formant  une  coronule,  par 
la  presence  habituelle  d’une  vesicule  cephalique  qui  s’arrete  brusque- 
ment  sur  la  face  inferieure  au  niveau  de  la  fente  ventrale. 

Reste  a  en  determiner  l’espece.  Or,  l’etude  comparative  des 
formes  connues  conduit  a  ecarter  deliberement  celles  dont  les 
coronules  ne  comprennent  qu’un  petit  nombre  de  lamelles,  comme 
1  '(Esophagostomum  brump/i  Raill.  et  Henry,  1905.  qui  est  egalement 
parasite  de  1'Homme. 

Le  rapprochement  s’impose,  au  contraire,  avec  les  formes  posse- 
dant  des  coronules  a  lamelles  nombreuses.  L’une  de  celles-ci  a  toul 
d’abord  attire  notre  attention :  e’est  X  Esophagostomum  dentigerun. 
Raill.  et  Henry,  1906,  du  Chimpanze,  dont  les  dimensions,  l’armature 
cesophagienne  et  la  longueur  des  spicules  concordent,  d  une  fa^on 
frappante,  avec  les  particularites  relevees  dans  le  parasite  bresilien. 

Nous  soup^onnions,  d’ailleurs,  une  semblable  parente  entie  celui-ci 
et  X (Esophagostomum  stephanostomum  Stossich,  1904,  du  Gorille. 
La  description  trop  sommaire  de  Stossich  ne  permettait 
malheureusement  pas  de  se  prononcer  sur  ce  point.  Mais,  grace  a 
l’obligeance  des  professeurs  Shipley  et  Leiper,  nous  avons  pu  examiner 
les  exemplaires  types  dc  l’espece  et  reconnaitre  que  nos  previsions 
etaient  fondees. 

De  sorte  que  les  parasites  de  1’Homme,  du  Chimpanze  et  du 
Gorille  nous  sont  apparus  comme  de  simples  varietes  d  une  seule  et 
meme  espece. 

Les  differences  que  nous  avons  pu  relever  entre  ces  tiois  formes 
sont,  en  effet,  de  faible  importance.  Celles  qui  nous  ont  paru 
constantes  resident  surtout  dans  la  bourse  caudale  des  males. 

Chez  1’  (Es.  stephanostomum  type,  le  rameau  externe  de  la  cote 
posterieure  s’insere  sensiblement  au  quart  superieur  de  la  partie  li  re 

de  cette  cote  et  se  porte  directement  en  dehors. 

Dans  la  var.  den  tiger  a,  ce  rameau  s’insere  au  tiers  superieur  et  se 
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recourbe  en  dedans  pour  suivre  une  direction  parallele  a  celle  du 
rameau  principal. 

Dans  la  variete  bresilienne,  il  s’insere  au  tiers  superieur  et  se 
recourbe  en  dedans  pour  se  rapprocher  du  rameau  principal.  11 
semble,  enfin,  que  l’extremite  caudale  de  la  femelle  subisse  ici  un 
retrecissement  beaucoup  plus  brusque  que  dans  les  deux  formes 
precedentes.  Nous  avons  propose  de  denommer  ce  nouveau  parasite 
de  l’Homme  Qls.  stephanostomum  var.  Thomasi.  Si  Ton  est  amene 
a  lui  attribuer  un  rang  specifique,  il  deviendra  naturellement 
CEs.  Thomasi. 

Nous  ferons  remarquer,  en  terminant,  que  la  parente  de 
1  CEsophagostome  humain  avec  ceux  du  Chimpanze  et  du  Gorille 
tendrait  a  lui  assigner  une  origine  africaine. 
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Fig.  i 
Fig.  2 

Fig.  3' 

Fig.  4. 

Fig.  5. 
Fig.  6, 
Fig.  j- 
Fi  g-  8.- 

Fig.  9.- 
Fig.  io.- 


EXPLICATION  DE  LA  PLANCHE 


.—Male,  grandeur  naturelle. 

. — F emelle,  grandeur  naturelle. 

.  Extremite  anterieure  d’une  femelle,  vue  par  la  face  ventrale. 

x  55- 

Extiemite  anterieure  d  une  femelle,  vue  par  la  face  dorsale. 
x  225. 


-Extemite  anterieure  d’un  male,  yue  de  face,  x  225. 
-Extremite  caudale  du  male,  vue  de  cote,  x  20. 
-Extremite  caudale  de  la  femelle,  vue  de  cote,  x  20. 

-Cotes  posterieures  de  la  bourse  caudale  chez  1  '(Esophagi- 
stomum  thomasi  de  l’Homme.  x  150 
C6tes  posterieures  de  la  bourse  caudale  chez  Y(Es. 


dentigerum  du  Chimpanze.  x  150. 
~CTjD°SteneUreS  dC  Ia  bourse  caudale  chez  Y(Es. 

stcphanostomum  du  GoriJJe.  x  I50 


L  K7t 


var.  Thomasi 


(Esophagostomum  stephanostomum 
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v  PLICATION  de  la  planche 


‘J  tlv,  grandeur  naturelle. 

'•  -  •  IK  ,  grandeur  naturelle. 

eimte  anterieure  d  une  femelle,  vuc  par  la  face  v»  ’ 

‘  55- 

J.xtremite  anterieure  d’une  femelle,  vue  par  face  .  ■ 
x  225. 

5.  Extemite  anterieure  d’un  male,  vue  de  face,  x  ,  \i. 

"**’  Extremity  caudale  du  male,  vue  de  cote,  x  20. 

'**■  7’  Exl  remits  caudale  de  la  femelle,  vue  de  cote.-  x  20. 

'*#4:  S-  CV*!“-  .0<  '^terieures  de  la  bourse  caudale  chcr.  VOi  >j>h 

'■  tie  I'Hoi  ime.  x  ijc. 

*  V  1  ft-  l»  bourse  caudale  chez  l'a 

dmHgtr;."  x  r 5o. 

'c  ia  bourse  caudale  chez  I’O 

'■■fit  '-  - j„  Corille,  x  150. 


PLATE  V/. 


CEsophagostomum  stephanostomum  var.  Thomas, 
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“MOSSY”  FOOT  OF  THE  AMAZON 
REGION,  AN  INFECTIVE  VERRUCOl  IC 
CONDITION  AFFECTING  THE  SKIN 
OF  THE  UPPER  AND  LOWER  LIMBS 


BY 

H.  WOLFERSTAN  THOMAS,  M.D.,  C.M.  (McGill). 

Expedition  to  the  Amazon ,  1905-1909. 

From  the  Research  Laboratory  in  Mandos,  State  of  Amazonas, 

North  Brazil. 


(Plates  VII,  VIII,  IX) 

My  attention  was  attracted  to  a  verrucoid  condition  usually 
affecting  the  lower  limbs  of  natives  of  the  Amazon  region, 
appears  to  be  auto-infective,  and  nearly  all  the  cases  exhibited  one  or 
more  infective  foci.  Many  patients  complain  of  the  exquisite  ten 
ness  of  the  papillomata,  and  on  account  of  the  vascularity  even  sl.gh 
injuries  may  cause  pain  and  bleeding.  The  condition  is  of  slow 
growth.  It  is  probable  that  the  pain  and  bleeding  are 
reasons  which  induce  the  patient  to  ask  for  treatment. 

The  photographs*  (Plates  VII,  VIII)  depict  a  severe  type  of  the 
infection.  The  patient,  a  man  aet.  23,  an  Amazonense  of  the  peasa 
class,  claimed  that  he  had  injured  his  right  foot  about  ~ 

previously.  The  foot  remained  tender  and  swollen.  He  d°f  *  n°‘ 

remember  having  had  any  fever  other  than  sezoes  (ague),  and  about- 
year  later  he  noticed  small  vesicles  appearing  on  t  e  00  , 
outside  of  the  heel.  The  vesicles  were  moist  and  ^ted  ta  a 
couple  of  weeks,  when  they  gave  place  to  small  dry,  wa  y  g^  ^ 
which  gradually  advanced  and  spread  to  the  toes,  aro  _ . _ 

•  1  am  indebted  to  Messrs.  G.  Huebner  and  Amaral,  of  Manios,  for  the  p 
of  the  ease. 
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the  inside  of  the  foot.  The  condition  had  persisted  for  seven  months 
before  the  photographs  were  taken. 

The  whole  of  the  right  leg  from  below  the  knee  is  swollen  and 
hard,  pitting  on  strong  pressure  ;  the  skin  is  tense,  smooth,  and  glossy, 
and  through  the  hair  the  superficial  lymphatics  and  small  vessels  can 
be  seen.  Below  the  knee,  on  the  outside,  is  a  small,  hard  fibrous 
nodule  the  size  of  a  large  pea.  The  foot  is  greatly  enlarged  and  a 
deep  sulcus  is  formed  by  a  fold  at  the  back  of  the  ankle  joint.  Along 
the  lower  part  of  the  foot  is  a  verrucoid  growth,  which  covers  the 
dorsal  surface  of  the  toes  and  part  of  the  foot,  and  is  well  raised  above 
the  surface  of  the  skin.  The  growth  extends  around  the  foot  but  does 
not  involve  the  sole.  The  growth  is  more  advanced  along  the  outside 
than  along  the  inside  of  the  foot,  and  extends  higher  up.  The 
appearance  is  as  if  the  foot  was  covered  with  old  dried  moss. 

On  the  dorsal  surface  of  the  toes  the  growth  appears  as  small, 
well-defined,  but  closely  collected  papillae,  resembling  a  miniature 
forest  of  coarse  points ;  these  spring  from  a  bed  of  thickened  tissue, 
well  raised  above  the  surface  of  the  skin.  The  growth  covers  the 
whole  of  the  dorsal  surface  of  the  toes,  extends  and  overhangs  or 
surrounds  the  toe  nails,  but  does  not  completely  envelop  them.  The 
skin  between  the  toes  is  free  from  all  growth.  The  growth  extends 
slightly  further  on  to  the  second  and  third  and  little  toes,  but  does  not 
invade  the  plantar  surface.  The  big  toe  has  some  old  scars,  where 
the  growths  have  been  burnt  with  caustic. 

The  forest-like  growth  of  warts  extends  towards  the  back  of  the 
oot  for  neatly  8  cm.,  and  continues  in  a  wavy  outline  across  the  foot. 
On  the  outside  of  the  foot  the  ridge  of  the  growth  is  more  irregular, 
varying  from  4  to  7  cm.,  and,  at  the  back  of  the  heel,  from  3  to4cm- 
eep  It  does  not  cover  the  deep  sulcus  at  the  back  of  the  os  calcis. 

t  e  inside  surface  of  the  foot  the  outline  is  still  more  irregular, 
being  from  2-5  to  6  cm.  wide. 


he  character  of  this  growth  alters  on  the  sides  and  heel ;  in 
e  evT77  m°SS~like’  the  byp^phied  patches  of  papillae 
.ndlvtuaf  qU!S’  Tu  1  and  honly  sodden  epideLis. 
.:mersecT'rtPK°mT  the,PaPillae  *  defined,  and  the  plaque: 
o  t.  y  deCp  Cracks  or  Azures.  On  the  inside  of  the  foo 

“  XT,::  it/  oTtt  rular  rses' which  project 

r  the  front  of  the  foot  are  one  or 
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small  scars  of  a  keloid  character.  The  papillomatous  growth  over 
the  toes  varies  from  3  to  9  mm.  in  thickness. 

The  shading  of  the  growth  is  most  striking.  It  resembles,  both 
in  appearance  and  colour,  the  old  dry  moss  found  growing  on  rocks 
which  are  exposed  to  very  little  moisture,  the  colour  varying  from 
yellow  to  slate  grey. 

On  the  left  leg  (Plate  VIII,  fig.  1)  are  two  patches,  measuring 
1-3  by  17  cm.  and  r8  by  27  cm.  They  are  indurated,  warty  growths 
which  are  beginning  to  ulcerate.  On  the  lower  third  of  the  leg  a  large 
ulcer,  4’3  by  4'0  cm.  is  seen.  The  induration  of  the  sides  is  extensive, 
and  the  centre  of  the  ulcer  is  slightly  excavated.  All  three  ulcers  are 
covered  with  a  thin  watery  discharge,  containing  pus  cells,  granular 
debris,  numerous  staphylococcus  aureus  and  citreus,  also  many  bacilli 
of  varying  sizes,  negative  and  positive  to  Gram. 

The  patient  states  that  these  three  ulcers  had  originated  as  small 
nodular  growths,  resembling  the  one  on  the  right  leg  just  below  the 
knee,  and  that  traumatism  caused  these  nodules  to  swell.  Then  litt  e 
vesicles  appeared  and  an  ulcer  resulted.  He  believes  that  the  nodules 
appeared  some  three  months  before  his  visit  to  the  hospital. 

Some  of  the  verrucoid  growths  over  the  toes  were  burnt  with  the 
thermo-cautery  before  being  excised.  A  small  portion,  with  aseptic 
precautions,  was  inserted  under  the  skin  of  the  nose  of  a  rabbity 
The  incision  was  closed  with  collodion.  The  wound  healed,  and 
six  weeks  later  a  small  vesicular  eruption  appeared  The  vesicle 
burst  and  clear  watery  fluid  exuded.  From  the  middle  of  the  clu  , 
minute  hard  nodules  developed.  The  tissue  around  the  base  of 
nodules  gradually  became  more  infiltrated.  Ten  days  la  er 
nodules  commenced  to  resemble  minute  warts,  which  were gently 
itchy,  as  the  rabbit  was  continually  scratching  t  e  spo 
them  to  bleed.  The  papillae  became  encrusted  with fried  mmdate 
the  patch  measuring  r3  by  n  o  cm.  above  the  surface  of  the  ^  Tte 
hind  paws  became  infected  from  the  scratching,  and  final  y 

warty  condition  was  noted  on  the  ears.  ^—nhles  the 

Microscopically  the  growth  on  the  rabbit's  no*  jesembtes  * 

verrucoid  growth  on  the  right  foot  and  tie  u  cera  keratosis  Owing 
left  leg.  The  condition  appears  to  be  an  ^iv  J study 

to  ocular  troubles  I  have  been  unable  o  me  rpn0rt. 

of  the  tissues,  and  must  defer  the  completion  o 
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Vcrrucoid  growths  are  common  in  elephantiasis,  but  I  have  not 
found  any  reference  to  experimental  transmission  of  the  growths. 

I  do  not  report  the  condition  as  a  case  of  elephantiasis,  complicated 
by  keratosis  Only  two  of  my  patients  have  had  definite  enlargement 
of  the  limb.  Some  of  the  cases  had  warty  growths  on  both  lower 
limbs.  I  was  shown  a  case  in  Para  where  the  growths  involved  the 
right  foot  and  leg  as  far  as  the  mid-thigh,  and  the  left  knee  was 
covered  with  large  patches  of  warty  growths,  some  of  which 
exhibited  extensive  ulceration.  Dr.  Stephens  has  allowed  me  to 
reproduce  a  photograph  which  was  sent  by  Dr.  J.  H.  H.  Harrison,  of 
Belize,  British  Honduras  (Plate  IX,  figs,  i,  2).  The  appearance  of  the 
growths  is  the  same  as  in  my  cases. 


IOO 


Plate  VI  f. 

1'  ront  view  of  right  foot  showing  verrucoid  condition.  Note  the 
small  nodule  on  the  front  of  the  leg  below  the  knee. 


PLATE  VI/. 


P.  P.  Press. 


* 
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Fig.  i 


Fig.  2. 


Plate  VIII. 

Side  view  of  right  foot.  Note  the  ill-defined,  warty,  fissured 
masses  around  the  heel  and  side  of  the  foot.  The  left  leg 
shows  the  ulcerated  condition  of  two  nodules. 

Right  foot  showing  the  thickened  condition  of  the  leg  and 
the  deep  sulcus  at  the  back  of  the  foot. 


PLATE.  V///. 


i 
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Plate  IX. 

1  ig-  i.  Dr.  J.  H.  H.  Harrison’s  case.  Left  leg,  side  view,  showing 
the  same  warty  growths  on  the  dorsum  and  sides  of  the 
foot  and  leg. 

F  2-  Fron*  view  of  same  case. 

&  3  Rabbit  inoculated  with  some  of  the  deeper  tissue  of  the 
growths.  l\ote  the  nodular  mass  on  the  nose. 


PLATE  IX. 


No.  1.  No.  2. 


No.  3. 


p.  p  Press.  hnt>. 
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GUARANA 


PROSPER  H.  MARSDEN,  F.C.S., 

LECTURER  ON  MATERIA  MEDICA  AND  PHARMACY  IN  THE  UNIVERSITY 
OF  LIVERPOOL 

( Received  for  publication  January  ir,  19 to ) 

(Plate  X) 

Guaranais  a  Brazilian  drug  obtained  from  the  seeds  of  a  climbing 
plant  of  the  natural  order  Sapindaceae,  Paullinia  sorbilis,  Martius 
(P.  Cupana,  H.  B.  and  K.).  The  name  is  derived  from  a  tribe  of 
Indians  in  the  Amazon  basin,  and  is  pronounced  with  the  accent  on 
the  last  syllable,  much  like  Panama. 

Nomenclature 

Paullinia, 1  Linn.  Gen.  ed.  I,  116  (1737),  Sapindaceae.  Benth  and 
Hook,  f.  I,  394;  Enourea,  Aubl.  PI.  Gui.,  I,  5^7  (J775)>  Semari 

Ruiz  and  Pav.  Prod.,  iv.  52,  t.  9  (i794)- 

Paullinia  sorbilis,  Mart.  Reise  Bras.,  i.  31b  nomen  =  P.  Cupana. 

Paullinia  Cupana?  H.  B.  and  K.,  Nov.  Gen.  et  Sp.  ,  1  7> 

Venezuela.  . 

The  name  Paullinia3  is  derived  from  C.  F.  Paullin,  a  German 
botanist,  1712.  Shrubby  tropical  plants.  About  125  spec 
mostly  tropical  America,  one  African. 

Bentham  and  Hooker,4  writing  in  1862-1867,  say  of  t  ®  £e 
‘Species  ad  80,  nobis  cognitae  v.  bene  descriptae,  me*- 
praesertim  orientalem  incolentes,  quarum  una  in  Africam  occi  en  a  e 
vagatur.’ 

Bentley  and  Trimen,  Medicinal  Plants,  Vol.  I,  No.  7>  S 
coloured  illustration  of  Paullinia  sorbilis,  Mart.,  which  is  repro 
(fig.  I)  by  kind  permission  oT  Messrs.  J.  &  A.  Churchill. 

History 

The  plant  which  yields  guarana  is  abundant  in  the  pro 
Amazonas,  along  the  banks  of  the  Tapajos,  Rio  Negro,  as  w 
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Guiana  and  Venezuela.5  It  has  been  used  from  time  immemorial  by 
the  numerous  tribes  inhabiting  the  Amazon  basin,  in  the  form  of 
powder  made  by  grating  the  stick  of  guarana  into  water  to  make  a 
refreshing  drink.6  '  Besides  its  medicinal  properties,  this  substance 
has  a  reputation  for  affording  a  refreshing  beverage  similar  in  its 
effects  to  tea  and  coffee.  It  is  grated  into  a  powder,  very  like 
powdered  cacao  in  appearance.  Two  spoonfuls  of  this  powder  are 
mixed  in  a  tumbler  of  water,  and  this  drink  is  regarded  as  a  stimulant 
to  the  nerves,  and,  like  strong  tea  or  coffee,  is  said  to  take  away  the 
disposition  to  sleep.’7 

Dorvault8  states  that  guarana  was  first  brought  to  Europe  by 
Cadet  de  Gassicourt  in  1817,  and  this  date  is  confirmed  by  Tschirch.9 
It  was  not,  however,  until  17th  September,  1822,  that  Merat  received 
a  large  consignment  of  the  drug  from  M.  Gomes.  This  was  sent 
without  any  details  as  to  its  preparation,  but  mentioning  that  one  or 
two  drachms  were  rasped  into  a  glass  of  water  by  means  of  a  very 
rough  bone,  which  was  usually  sold  with  the  drug.  Martius  seems  to 
have  informed  Merat  that  the  juice  of  the  plant,  roughly  reduced  to 
an  extract,  formed  the  guarana  of  commerce,  and  Merat10  adds  that 
the  odour  of  the  sample  suggested  the  presence  of  added  cacao 
powder. 

Hanbury11  describes  guarana  as  ‘  the  basis  of  a  favourite  beverage 
in  some  parts  of  Brazil.’  He  does  not  seem  to  be  aware  of  any  special 
medicinal  action  of  the  drug,  nor  have  I  been  able  to  find  any  further 
reference  to  it  in  any  of  his  publications.  Guarana  is  not  spoken  of 
in  the  standard  text  book  of  Pereira,  »  nor  in  an  older  work  by 
Woodville.13 


x  KtrAKA  1  ion  and  Description 

Guarana  is  official  in  the  Spanish  Pharmacopoeia14  under 
heading  '  Paulinia,’  where  it  is  described  as  a  product  obfc 
y  trituration  with  heat  of  the  seeds  of  Paullinia  sor bills,  Ma 
a  Sapindaceous  plant  of  Brazil.  Roundish,  ovoid,  or  cylindrical  n, 
of  150  to  200  grammes  weight,  brittle  and  of  brownish-black  c 
■'V,  ‘y^galar,  granular  and  of  brownish-red  fract 
ccasionaliy  the  remains  of  the  seed  coat  are  met  with,  or  sped 

astt/V  c?'  Characteristic  weak  odour  and  bitter 
g  taste.  Should  contain  at  least  three  per  cent,  of  caff 
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Therapeutic  action  astringent,  tonic  and  analgesic.  A  well-known 
Brazilian  work  on  Materia  Medica15  printed  and  published  in 
Paris  gives  the  following  account  of  the  drug  : — ‘  The  fruits  appear  in 
capsules  which,  when  ripe,  are  of  a  beautiful  ruddy  brown  colour. 
The  seeds,  which  are  dark-coloured  and  almost  the  size  of  hazel  nuts, 
are  roasted,  powdered  and  afterwards  massed  with  some  tapioca  and 
water  and  are  put  into  an  oven  to  dry  and  become  hard.  This 
prepared  guarana  appears  in  the  form  of  elliptical  or  cylindrical  lobes 
of  a  red  or  ashy-grey  colour  with  a  bitter  taste  without  appreciable 
astringency.  It  is  hard,  difficult  to  powder,  but  softens  in  water.’  The 
Guarani  Indians16  prepare  the  guarana  by  first  washing  the  seeds , 
they  are  then  lightly  heated  to  separate  the  kernel  from  the  seed 
coat,  complete  separation  being  performed  by  beating  the  seeds, 
contained  in  bags,  with  sticks.  They  are  then  crushed  upon  a  heated 
stone  and  made  into  a  paste  with  water,  to  which  is  sometimes  added 
cacao  powder  or  manioc  flour.  I  his  paste,  moulded  into  cakes  or 
cylinders,  is  then  exposed  to  the  sun  or  submitted  for  sev  eral  weeks 
to  a  gentle  heat. 

Tschirch17  states  that  Guarana  in  sticks  comes  over  in  chests  of 
65  kilos. 

The  cylindrical  form  is  that  in  which  the  drug  is  usually  seen,  and 
Fig.  3  taken  from  portions  of  two  such  pieces  (No.  4^3)  in  ^he 
Museum  of  Materia  Medica  of  the  University  of  Liverpool,  gives  a 
fair  idea  of  this  form.  Fig.  2  shows  a  specimen  (No.  288)  of  the  seeds 
in  the  same  collection. 

In  addition  to  the  forms  mentioned  above,  guarana  is  occasionally 
seen  in  this  country  in  other  shapes,  such  as  those  of  fish,  animals, 
models  of  the  plant  yielding  the  drug,  and  of  other  plants.  This  is 
well  seen  in  Fig.  4,  taken  from  a  specimen  (No.  806)  presented  to 
the  above  Museum  by  Dr.  H.  Wolferstan  Thomas.  This  is  a  mode 
of  the  fruit,  of  the  plant  yielding  the  seed,  from  which  the  beverage 
eocoa  is  prepared,  Theobrotita  Cacao ,  L.  Dr.  Thomas  tells  me  t  iat 
he  has  frequently  seen  specimens  of  the  drug  in  these  curious  orn^’ 
and  that  it  is  worth  about  three  shillings  a  kilo.  In  1871  it  was  wor 
aoout  eight  pence  a  pound,  and  could  be  bought  on  the  Rio  gF 
31  as  low  a  rate  as  a  penny  a  pound.  The  present  market  pri 
about  twelve  shillings  a  pound.  1 

The  paste  used  in  making  these  models  is  finer  than  t  a 
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for  the  other  forms  in  which  the  drug  is  sold,  and  the  models  are 
neatly  executed. 

Holmes18,  referring  to  a  specimen  in  the  Museum  of  the 
Pharmaceutical  Society  of  Great  Britain,  says:— ‘This  specimen, 
presented  by  Dr.  Wilks,  is  accompanied  by  a  letter  from  Mr.  G.  H. 
Brandt  stating  that  it  has  been  carved  by  the  Indians  into  the  shape 
of  a  fish  called  the  Piraruccu  (. Arapaima  gigas ,  Cuv.),  the  tongue  of 
which  is  used  for  grating  the  Guarana.  The  tongue  is  also  used  by 
them  as  a  file  for  grating  several  of  their  hard  odoriferous  roots. 
Amongst  these  is  the  root  of  the  Piperiocca,  which,  when  reduced  to 
powder,  they  use  for  washing  and  perfuming  their  bodies.  The 
so-called  tongue  consists  of  a  long  bony  plate,  nearly  six  inches  long 
by  one  and  a  quarter  broad,  densely  covered  with  bony  papillae,  about 
a  quarter  of  an  inch  high  and  half  a  line  broad.  See  Cuvier  and 
Valenciennes,  Hist.  Poiss.,  XIX,  pp.  441-461,  with  fig.;  Agassiz  and 
Spix,  Pise.  Braz.,  p.  31/ 

It  is  probable  that  this  bony  plate  is  a  similar  one  to  that 
mentioned  by  Gomes. 

Tschirch19  speaks  thus  of  the  curious  forms  in  which  drugs  are 
sometimes  seen :  At  times  the  finished  products  are  further 
worked  up.  From  Caoutchouc  and  Guarana  paste,  were  formerly 

.  iC  ^  Tj°ltS  Cur‘ous  %ures.  but  now  Guarana  is  usually  seen  in 
sticks.  He  illustrates  this  in  the  case  of  Caoutchouc. 


idlicroscopic  Characters 

chicflvCSofare.T,e11  deSCribed  by  Planchon  and  Collin,  and  com 
poly  al  7°  Cn,  Starch  grains,  needle-shaped  crystals,  sm 
ce  s,  an  characteristic  sclercnchymatous  cells. 

Ch  eni  ical  Const  ituents 

Dr  Theodore  v^iu  ^  pnnciPle  ls  an  alkaloid  first  discovered 

shown  by  D,  Stenho^  T  g“ *  tat  * 

shows  more  than  double  identical  with  theme.  Guara. 

and  five  times  as  much  as  coffee'  a'kaI°id  “  B°°d  ““ 

111  guarana,  tit,  per  cent-  ;  *  ’  ProPortlons  being  5-0;  per  cei 

same  alkaloid  is  found  to  the  ^  °  8°  P6r  Cent'  ”  co£f“'  T' 

Paraguay  tea  the  a  r  amount  of  1*25  per  cent,  in  Mate,' 
&  7  3’  thC  Pr°duce  of  several  species  of  Ilex. 


It  is  rather  a  singular  coincidence  that  the  same  alkaloid  should 
prevail  in  all  the  principal  substances  employed  in  a  similar  manner 
as  beverages  in  different  parts  of  the  world — in  the  tea  of  China  and 
India,  the  coffee  of  Arabia,  the  Cacao  of  Central  America,  the  Mate 
of  South  America,  and  the  guarana  of  Brazil.  M.  Fournier20  has 
found  in  the  last-named  substance,  besides  tannate  of  caffein,  the 
following  principles: — Gum,  starch,  an  acrid  green  fixed  oil,  a 
concrete  volatile  oil  scarcely  soluble  in  water,  a  peculiar  principle  not 
precisely  determined,  and  tannic  acid.’ 

Tannic  Acid  was  found  in  guarana  by  F.  V.  Greene,21  and  he 
describes  the  reactions  of  this  as  ‘  strikingly  dissimilar  from  those  of 
tannic  acids  generally.’  Thoms,22  in  1894,  found  in  guarana  8-63  per 
cent,  of  moisture.  Later  work  by  E.  Kirmsse23  showed  the  presence 
of  tannin.  From  the  crude  tannin  this  worker  obtained  crystals  of  a 
catechin  the  properties  and  reactions  of  which  were  found  to  be 
identical  with  that  of  Pegu  catechu.  The  author  confirms  Thoms’s 
statement  that  the  amount  of  caffeine  in  guarana  has  been  over 
estimated;  three  samples  were  found  to  contain  2  68,  297  and  3  10 
per  cent,  respectively.  Cocoa,  which  has  been  stated  to  be  an 
adulterant  of  lower  grades  of  guarana,  was  not  detected  in  any  of  the 
samples. 

Oesterlen24  notes  also  the  presence  of  a  resin,  and  says  that  the 
tannin  of  guarana  appears  to  act  like  that  of  Monesia  and  Rhatany. 

A  large  number  of  authorities25  have  reported  the  presence  of 
Caffeine,  which  is  the  most  important  constituent  of  guarana,  an 
identical  with  guaranine  and  theine.  In  1853  Oesteilen-6  refers  to  a 
special  indifferent  crystalline  substance  guaranin.  Hanbury27  spea  'S 
of  caffeine  as  a  constituent  of  guarana.  d  here  is  some  variation 
the  statements  of  authorities  as  to  the  percentage  of  caffeine  presen  , 

thus  we  have  the  following  data  :  — 

In  1886,  4-5  per  cent.  Bochefontaine  and  Gusset.28 

372  to  5  or  6  per  cent.  Kremel.  Feemster,  Squibb 

and  Fluckiger.29 

1888,  312  to  3-80  per  cent.  A.  Kremel.30 

1894,  2*6  per  cent.  Thoms.31 

1897,  4  32  to  4*68  per  cent.  C.  H.  La  \\  all.32 

2  5  to  5  per  cent.  Humphrey-  and  British  Pharma- 

ceutical  Codex.33 
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Ash 

The  yield  of  ash  is  stated  to  be  :■ — 

In  1886,  1  *36  percent.  H.  Warnecke.38 
1888,  1*30  to  2-oo  per  cent.  KremeL37 
1 894,  1  ‘68  per  cent.  Thoms.38 
I  have  been  unable  to  find  any  further  reference  to  the  peculiar 
principle  mentioned  above  by  Fournier. 


M edicinal  Properties 

Oesterlen,39  in  1853,  states  that  the  powdered  seeds  were  given 
for  diarrhoea  and  similar  complaints  by  Ritchie  in  the  dose  of  one 
drachm  per  diem  (Ed.  Journ.,  May,  1852).  Dorvault40  says  that 
guarana  was  introduced  as  a  tonic  and  astringent,  which  is  the  use 
made  of  it  in  Brazil,  and  that  it  has  been  advocated  as  a  remedy  for 
neuralgia  and  migraine.  A  dose  of  4  to  8  grammes  was  given,  and 
there  was  a  stock  of  it  in  the  French  pharmacies  in  1867,  when  it  was 
made  into  two  syrups,  tincture,  pills,  ointment  and  a  chocolate. 
Chernoviz41  mentions  that  guarana  is  prescribed  as  medicine  in  various 
affections,  chiefly  in  diarrhoea  and  dysenteries,  in  doses  of  two  drachms 
in  eight  ounces  of  water.  Speaking  of  guarana  in  1872,  a  writer  in 
the  Year  Book  of  Pharmacy42  says:— ‘This  drug  is  now  attracting 
attention  as  a  remedy  for  sick  headache.  It  has  been  long  known, 
but  has  never  come  into  general  use.’  Mr.  Harold  Wyatt,  who  has 
,ad  some  gears’  training  in  French  pharmacy,  tells  me  that  the  drug 
is  more  used  in  France  than  in  England,  and  my  own  experience  of 
t  le  two  countries  proves  the  same,  as  since  1884  I  have  seen  guarana 
p  scribed  but  three  times,  in  cachets,  and  two  of  these  occasions  were 
whilst  I  was  in  France,  but  it  appears  that  the  elixir  is  sold  to  a 
si  era  le  extent  in  Liverpool.  Guarana  is  official  in  the  pharnia- 

T  ^  ei!!  °*-  ^ustr^a>  Belgium,  Dutch  Supplement,  France,  Hungary, 
ci  y,  -  cxico,  Portugal,  Spain  and  U.S.A.,43  and  our  own  British 
.  arrnaceutic:al  Codex44  has  a  monograph  upon  it,  in  which  it  says:— 

r^na  !S  usec^  f°r  the  same  purposes  as  caffeine ;  it  has  a 
P  on  in  sick  headache,  and  is  sometimes  used  as  an  astringent  in 
;arr  oea  and  dysentery.  The  drug  is  used  in  powder  form,  being 
"  111  a  Cad!et  °r  mi.Xed  with  water  to  f°rm  a  draught.  Elixir  of 

is  siiitnhl  P  easant  f°rm  the  drug.  Tincture  of  guarana 

suitable  for  use  in  mixture  form.  Dose :  Half  to  one  gramme.’ 


Ill 


The  Addendum  to  the  Austrian  Pharmacopoeia  VIII45  has  a 
Pulvis  Guaranae  Compositus  of  the  following  composition: — Pulv. 
Guaranae  5,  Sodii  Salicyl.  3,  Ouininae  Sulph.  2,  in  capsules  each  to 
contain  a  gramme. 

The  United  States  Pharmacopoeia46  has  a  standardised  prepara¬ 
tion,  Fluidextractum  Guaranae,  containing  3’5  per  cent,  alkaloid 
made  by  percolation  with  diluted  alcohol.  The  average  dose  is  half 
a  drachm. 

Allied  Plants 

The  natural  order  Sapindaceae,  and  particularly  its  sub-order 
Sapindeae,  includes  many  interesting  plants  having  medicinal  action. 

Em.  de  Maout  and  J.  Decaisne4'  state  that  Serjania  and 
Paullinia,  American  genera,  are  poisonous ;  the  Brazilians  use  their 
juice  to  stupefy  fish. 

Paullinia  cururu.  The  juice  of  this  plant  is  used  by  the  natives 
of  Guiana  to  poison  their  arrows. 

P.  pinnata ,  L.  A  poison  is  prepared  from  the  root  and  seeds,  and 
the  expressed  juice  of  its  leaves  furnishes  the  Brazilian  Indians  with 
a  powerful  vulnerary.’47,  Creteur48  says  that  P.  pinnata ,  L.,  is  a 
powerful  climber,  the  seeds  of  which  are  used  as  a  stupefacient  in  the 
Antilles  and  Brazil,  and  act  upon  fish  in  the  same  way  as  the  Coque  du 
Levant  (1 Cocculus  indicus).  The  leaves,  called  ‘  cururu  ape,’  are 
vulnerary.  P.  pinnata ,  L.,  is  also  one  of  the  drugs  called  Timbo, 
which  is  the  name  given  in  Brazil  to  several  plants,  such  as  Serjania 
mpidaia ,  5.  lethalis ,  of  the  order  Sapindaceae,  and  Tephrosia 
toxicaria ,  and  Physalis  heterophylla  of  the  order  Leguminosac,  all  of 
which  are  used  for  the  purpose  of  stupefying  fish.  A  decoction  oi 
the  root  is  preferred,  as  affording  the  more  powerful  poison. 

Planchon  and  Collin49  state  that  the  bark  usually  used  for  fish 
poisoning  in  Brazil  is  that  of  Ser  jania  curassavica ,  Radk.  (P.  Senegal 
e*»s,  Jus,  P.  africana,  Don.),  and  give  Martius  as  authority  for  the 
statement.  This  plant  grows  in  Brazil,  Mexico,  Guiana,  the  Antilles 
and  West  Africa.  P.  pinnata  is  also  reported  as  growing  in  West 
^nca.56  P.  costata,  Schl,  is  used  in  Mexico  to  kill  fish J 
P;  mexicana,  L,  or  quarhmetcatl  of  the  Mexicans,  possesses  the 
virtues  of  sarsaparilla  in  the  treatment  of  rheumatism  and  s>  pin  is. 

Greshoff53  gives  a  very  complete  list  of  Indo-Malay  poisons, 
amongst  them  are  Serjania ,  Cupania  and  Paullinia. 
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Guarana  in  sticks. 


Fig.  2. 

Seeds  of  Paul  Uni  a  Cup  an  a,  H.  B.  &  K. 


Fig.  4. 

Guarana  paste  in  form  of  fruit  of 
Theobroma  Cacao ,  L. 


Fig.  1. 

Paullinia  sorbilis,  Martius. 
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The  guarana  used  for  this  investigation  was  kindly  given  to  me 
by  Dr.  Wolferstan  Thomas,  who  informed  me  that  the  drug  is  used 
as  a  remedy  against  diarrhoea  in  Brazil.  The  work  was  carried  out 
by  me  while  still  on  the  staff  of  the  Liverpool  School  of  Tropica 
Medicine,  in  the  Runcorn  Research  Laboratories. 

As  far  as  my  present  results  go,  the  chief  and  probably  the 
effective  constituent  of  the  particular  guarana1  examined  by  m 
the  alkaloid  C40H47O2lN4,  for  which  the  name  $ -guar  mine  is 
suggested.  The  fl-guarinine  differs  from  Martins  s’  guanmne, 
isolated  by  him  from  Paullinia  sorbilis,  in  that  I  was  unable  to 
identify  it  either  with  theine  or  with  theobromine,  whereas  guarini 
is,  according  to  Berthemot  and  Dechatelas-1  simply  theine  lhis  is 
of  interest,  as  the  alkaloids  both  of  Paullinia  sorbilis  (v.  cufa 
and  P.  cambess  are  either  theine,  theobromine,  or  a  mixture  o  o 
alkaloids.  However,  it  ought  to  be  mentioned  that  neither  of  t  ose 
two  species  of  Paullinia  are  used  for  diarrhoea,  according  o 

Dekker,4  who  states,  only  with  reference  to  Paullinia  /rlg°n™> 

Velios :  ‘  de  zwak  gerooste  zaden  teger  diarrhoe.  11S  Pro  ‘ 

accounts  for  the  fact  that  I  was  unable  to  find  in  the  guarana 

examined,  an  alkaloid  of  a  known  purine  type. 

ft -guar  in  in  e 

The  finely  powdered  material  was  extracted  with  al  ^ 

containing  1  per  cent,  of  hydrochloric  acid,  at  <■  tempera 
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55  to  6o°  C.  on  the  water-bath.  After  cooling,  the  calculated  amount 
of  ammonia  was  added  and  the  product — a  greyish  powder— collected 
and  re-dissolved  in  boiling  alcohol.  The  alcoholic  solution  was  then 
boiled  with  animal  charcoal  for  ten  to  fifteen  minutes,  filtered  and 
evaporated  to  about  one-third  of  its  volume,  when  on  standing  small 
needles  crystallised  out.  I  hese  needles  melted  at  21  f  to  2190,  but 
at  a  temperature  of  167°  to  169°  a  slight  decomposition  was  noticed. 
The  product  was  dried  for  two  hours  at  ii6°,  when  a  loss  of  water  of 
crystallisation  corresponding  to  i\  molecules  was  observed. 


The  following  analyses  were  carried  out :  — 

T.  0-2151  gr.  gave  0*3744  gr.  COa  and  0-1065  gr.  H,0. 

II.  0  2001  gr.  gave  0-3474  gr.  C02  and  0-0979  gr.  H30. 

III.  0-2337  gr.  gave  0-4057  gr.  COa  and  o-iio9gr.  Ha0. 

IV.  0-221 1  gr.  gave  18  8  c.c.  N2  (moist)  at  27°C.  and  741  mm. 

0  24 73  gr.  gave  20  6  c.c.  Na  (moist)  at  270  C.  and  741  mm. 

Found  C  =  47-47%,  47.35%,  47-35%. 

I-I  =  5-50%,  5-44%,  527%. 

N  =  924%,  9-00%. 

4o«47U31JN4  f/3-Guarinine)  requires.-  C  =  47-00%,  H  =  4*90%, 
N  =  9-14%. 

(Theine)  requires  :  C  =  49-48%,  H  =  5-16%,  N  =  28-86 l 

7  8  xt  4  (theobromine)  requires:  C  =  4666%,  H  =  4*44% 
N  =  3 1 ' 1 1  %. 


dJZ’  aCetiC  anhydride-  /3-guarinine  forms  an  ac 

alcoholTn  P?bably  tHe  m°noacetyl  (?)— which  crystallises  f 
alcohol  ,n  small  needles  and  melts  at  ,92°  to  196°. 

spondingn.C^oHedOV  Ncnf  /9'gUarimne  forms  the  c0 

free  base  C  h'q^N  >S  CaSlIy  transformed  int0 

Ag,  O.  Tlip  kn*  J>‘  1  .  on  treatment  with  freshly  prepc 

melt  at  167°  to  llSCS  from  chloroform  in  long  needles,  wl 

Like  other  alkaloids  a  n 

chloroform  a  h™™-  y  £uannine  forms,  when  brominated 

crysta„i™'f^~a ^ve.  probab,,  C4„H..Br  02IN„  1 
e-  ,  nd  alcohol,  and  melts  at  236°  to  2370. 

r  r°m  the  above  nnaly tiro/  R  ,  •• 

nifr ogen-fi gures  that  R  ■  “  U  M  obvious>  especially  from 
P-guartmne  is  neither  theme  nor  theobronn 
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Similar  conclusions  must  be  drawn  from  a  comparison  of  the 
different  melting-points  of  /3-guarinine  and  its  derivatives,  with  those 
of  theine  or  theobromine  and  their  derivatives,  as  can  be  seen  from 
the  following  table  :  — 


/3-Guarinine 

Theine 

Theobromine 

Free  base  . 

.  217-2190 

234-235° 

329-330° 

Acetyl  derivative . 

Not  known 

Not  known 

Methyl . . 

.  167- 1 68° 

1 37— 1 380 

1 19-121° 

Bromine  . 

.  236-237° 

206-209° 

Not  known 

A  great  deal  of  attention  has  been  paid  by  other  workers  to  the 
tannic  acid,5  the  so-called  gnarana-tannic  acid,  found  in  guarana,  but 
I  have  been  unable  to  confirm  their  results,  viz.,  that  guarana-tannic 
acid  is  identical  with  catechin.  On  the  other  hand,  my  results  point 
more  or  less  to  the  fact  that  this  particular  acid  is  identical  with 
Chloro genic  acid ,  isolated  by  Gorter6  from  Liberian  coffee-beans. 
Gorter  has  recently  proved  that  coffee-tannic  acid  does  not  exist,  and 
has  shown  this  acid  to  be  a  mixture  of  chlorogenic  and  coffalic  acids. 
He7  has  also  shown  the  so-called  Heliant-tannic  acid  fiom 
Helianihus  annuus  to  be  chlorogenic  acid. 

A  quantitative  estimation  of  the  tannic  acid  in  the  guarana  carried 
out  by  Korner's  and  Nierenstein’s8  caseine  method  gave  4  3  per  cent., 
an  amount  which  seemed  to  be  sufficient  for  an  attempt  at  isolating  it. 
The  acid  was  accordingly  isolated  by  the  acetone-method  and 
purified  by  formation  of  its  lead  salt.  It  represented  an  amorphous 
powder  of  no  definite  melting  point.  It  was  further  purified  y 
dissolving  the  product  in  ethyl  acetate  ;  the  solution,  aftei  filtering, 
was  evaporated  to  dryness  and  re-dissolved  in  boiling  waiter,  from 
which  solution  it  slowly  separated  out  in  small  colourless  nee  es, 
which  melted  at  1990  to  20 1°.  0 

For  the  analysis  the  product  was  dried  for  two  hours  at  1 10  . 
°‘i886  gr.  gaveo'3664  gr.  COa  and  o'oSy?  gr.  HaO. 

Found,  C  =  5298%,  FI  =  5' 1 7-  .  G/ 

^32^38019  (Chlorogenic  acid)  requires:  C  =  5290/0,  5  2 

^uH1406  (Catechin)  requires:  C  =  62'06%,  FI  —  4  $3  "• 


These  results,  which  indicate  that  guarana-tannic  acid  may  be 
identical  with  chlorogenic  acid,  were  not  confirmed  either  by  formation 
of  the  acetyl  derivative  or  the  aniline  salt ;  both  preparations  had 
quite  different  melting  points  from  those  given  by  Gorter.  This  leads 
us  to  the  view  that  the  tannic  acid  from  guarana  is  not  identical  with 
chlorogenic  acid,  but  that  it  is  as  an  independent  guarana-tannic 
acid  ;  and  in  no  case  can  this  acid  be  considered  to  be  catechin,  as 
can  be  seen  from  the  following  table  of  melting  points:  — 


Acetyl  derivative 

Aniline  all 

Guarana  tannic  acid  . 

M.P.  1 99-201° 

M.P.  147-149° 

M.P.  203-205’ 

Chlorogenic  acid . 

M.P.  206-207° 

M.P.  180-181° 

M.P.  174° 

Catechin  . 

M.P.  175-177° 

M.P.  124-125° 

Not  known 

Perkin’s  &  Yoshitaka’s 

higher-melting  Catechin  .... 

M.P.  235-237° 

Not  known 

Not  known 

Acacia  Catechin  . 

- _ 

M.P.  204-205° 

M.P.  158-160° 

Not  known 

further  investigations  of  both  the  /3-guarmine  and  the  guarana- 
tannic  acid  are  wanted,  before  a  definite  opinion  with  regard  to  the 
constitution  of  these  two  compounds  can  be  formed  ;  however ,  in  M 

case  can  the  opinion  he  maintained  that  the  chief  constituents  of  Mi 
plant  are  theine  and  catechin. 


Annals  of  Tropical  Med 


'■  F°ranadpU  aCCT‘  °r  G“m  ™  P-  »■ 

and  Parasitology,  Vol.  IV,  No.  i,  p.  IO-. 

2‘  MARTIUS-  Anna,enderChemie,  Vol.  XXXVI,  p.  03. 

o-  Berthemot  u.  Dechatet  as  t  , 

D  .  CH  a  TEL  as.  Jour.  d.  Pharm.,  Vol.  XXVI,  p.  514. 

^'’■903Dp.«rt°'f'n'V°1'I'P'  ,49'  see Rl90 Peckolt,  Be,. d.  deutseb. p 

1.  GmtITk”  a  :  T  '",d  r>ekker’ 1  '•  Dc  Lo”is,off“. v°>-  n.  p.  >33. 

7.  Gorter'  k  ’  aT  ^  **  *  3*7, -  Vo,.  359.  P- 

Gor.er,  k.  ,  Arcblv  da  Pharmacie.  Vo,  „ 

•  M.  u„d  Webster  t  A  .  „ 

9.  Nibrenstrin  M. ,  Darrtdl  l  ''  Bn""'  P'  337.  ,909.  Frankfurt  a. 

der  biMh"»«ch.„  ArJlsLI'todet  b7.  II. 


YELLOW  FEVER 


BY 


H.  WOLFERSTAN  THOMAS,  M.D.,  C.M.  (McGill). 


Expedition  to  the  Amazon,  1905-1909,  Liverpool  School  of  Tropical 

Medicine. 

(J  Lecture  delivered  to  the  students  of  the  Liverpool  School 
oj  Tropical  Medicine.) 

We  have  now  to  deal  with  the  prognosis  and  treatment  of  one  oi 
the  most  serious  of  all  diseases  to  be  met  with  in  the  tropics  and 
sub-tropics,  and,  unfortunately,  still  a  menace  to  the  lives  of  many 
of  the  young  foreigners  who  come  to  make  their  livelihood  in  an 
endemic  district,  or  to  the  residents  of  a  region  stricken  by  an 
epidemic  of  the  disease.  We  who  work  in  endemic  or  epi  emic 
regions,  have  still  to  urge  and  demand  that  the  endemic  areas  s 
be  abolished,  and  that  the  places  where  the  disease  may  appear 
perhaps  at  any  time  or  during  certain  months  in  the  year  s  a  ta  e 
the  necessary  steps  to  place  the  district  in  such  a  state  that  it  wo 
be  impossible  for  an  epidemic  to  occur,  even  if  some  cases  o  ye 
fever  were  introduced  into  the  area.  1  he  way  to  attain  t  at 
is  Tropical  Sanitation.  Tropical  sanitation  implies  a  general 
deaningofa  town,  a  campaign  against  mosquitos  and  the  training 
of  the  inhabitants  to  recognise  that  certain  practices  are  anfe 
to  the  city  and  the  residents.  If  <in  anti-mosquito  camp  g  ^ 
instituted  it  means  the  abolishing  of  breeding  spots,  the  sere  g 
all  receptacles  used  for  the  storing  of  water,  and  the  genera 
of  the  city,  the  freeing  of  back-yards  from  the  accumulations 
rubbish  and  the  compelling  of  the  inhabitants  to  keep  t  ie  P 
Clean.  Thus  do  we  fight  yellow  fever  by  giving  the ^n»sqmto, 
Slegomyia  calopus,  as  little  opportunity  to  breed  as  possi  e. 

Gorgas  and  others  have  shown  we  are  able  to  free  a  c,ty  of^ 

fever  only  when  we  have  so  reduced  the  num  rs 

that,  even  should  a  case  of  the  disease  be  mtroduced  mto 
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community,  the  Stegomyia  will  be  so  few  in  number  that  there  will 
be  very  little  chance  of  their  biting  the  patient.  In  former  times 
the  inhabitants  of  epidemic  areas  went  in  dread  of  an  outbreak 
It  meant,  in  the  Southern  States  of  the  United  States,  a  ‘shot-gun’ 
quarantine :  as  a  result  the  residents  and  their  city  were  shunned 
by  all  and  a  general  stagnation  of  trade  ensued.  Such  methods 
however,  are  of  the  past.  New  Orleans  has  demonstrated  what  a 
scientific  combat  with  Stegomyia  can  do,  and  she  has  been  added  to 
the  list  of  successes  which  have  always  occurred  where  the  Havana 
anti-yellow  fever  measures  have  been  instituted.  Havana  and  Riode 
Janeiro,  both  endemic  centres,  are  free  of  the  disease,  and  Panama 
as  s  own  how  an  immense  engineering  scheme  can  be  executed 

vut  out  repeating  the  old  tale  of  wholesale  loss  of  life  from  yellow 
fever. 


espite  the  success  of  these  measures  in  the  places  I  have 
lentioned,  other  countries  and  towns  have  not  followed  suit,  and  in 
lem  yellow  fever  continues  to  be  a  scourge,  and  they  constitute  a 
anger-zone  to  all  places  within  the  limits  of  the  Stegomyia. 

\  ellow  fever  is  a  disease  which  allows  of  little  delay.  It  runs  its 

P  SG  *n  a  ^evv  days»  and  you  must  be  prepared  to  offer  battle 
unately  many  cases  are  ol  a  mild  type,  and  unless  something 
eptiona  ly  wrong  is  done  the  case  will  recover.  Such  cases  are 
g  or  your  reputation,  and  as  yellow  fever  exacts  a  heavy  toll, 
•ij  j  probably  be  your  misfortune  to  lose  many  cases,  you 
j  ,  .  Cm'  one  wko  treats  many  cases  of  the  disease  can 

for  v„rinr  a. CCrtam  percenta&e  °f  his  patients.  There  is  no  panacea 

his  management  of  thfc  “  ^  T'3™'  bU‘  ®  g0od  Ph>'slcian  cm  bj 
Elimimt'  CaSC’  markedIy  reduce  the  mortality. 

congestion  ^  n*  u  Supportinf*  measures,  with  the  reduction  of  the 

depends  on  n  u™  -  =“  say  that  treaty, 

therapy  in  th  ?“8''  abstlnen«  from  all  food,  rest  in  bed,  and  hydro- 

is a ^  PowliT  °f  failne to  act  as  mild  dmret.es.  Water 
treat  many  ^  ”  tb‘S  disease’  and  should  you  ever  have  to 

alkaline  waters  and  good  numhTg  .  ^  0ther  0,3,1 

extremely  mild^forms  ^ebow  fever  are  “et  with.  In  adults,  the 
y  m.ld  forms  resemble  i„fluenza  or  a  dlsturbance  of  the 
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digestive  system:  Embaras  gaslrique  febrile.  In  young  children 
the  types  are  milder.  These  forms  are  rarely  diagnosed,  and  the 
patients  recover  after  a  few  days.  The  danger  is  that  the  cases 
remain  unscreened  and  serve  to  infect  Stegomyia.  The  types  which 
require  treatment  are  numerous,  and  I  believe  it  will  be  as  well  to 
describe  an  average  case,  and  to  call  your  attention  to  the  pathological 
lesions  met  with  in  this  disease  ;  and  if  you  will  only  bear  in  mind 
what  macroscopic  and  microscopic  changes  are  occurring  in  some  of 
the  organs  of  the  body,  you  will  be  able  to  appreciate  better  the  reason 
for  the  occurrence  of  black  vomit,  anuria,  etc.,  and  the  multiplication 
of  symptoms  and  complications  seen  so  frequently  in  this  disease. 

You  will  probably  be  called  some  morning  to  see  a  patient  who 
will  give  a  history  that  he  had  been  at  work  the  day  before  and  had 
gone  to  bed  feeling  well.  Some  hours  later  he  woke  up  feeling 
uneasy,  with  a  certain  amount  of  frontal  headache  and  nausea.  He 
possibly  shivered  or  had  an  actual  rigor.  He  began  to  notice  that  his 
back  and  lower  limbs  ached,  and  gradually  his  symptoms  increased. 

On  your  arrival  you  find  your  patient  tossing  about  in  bed  because 
of  his  pains.  He  will  have  vomited  once  or  twice ;  his  headache  is 
very  severe  and  increasing;  his  eyes  are  bright  and  shining  an 
sensitive  to  light  and,  as  he  lies  in  bed,  you  note  the  general  conteeste 
appearance  of  his  head  and  shoulders.  The  mucous  membranes  o 
the  lips  are  bright  red,  the  conjunctivae  show  slight  congestion,  ve 
tongue  is  reddened  and  slightly  coated,  the  papillae  appear  as  brigJi 
red  points.  1  he  temperature  a  few  hours  after  the  onset  w  1 
ioo  to  ioi°  F.  (3;-8  to  38-4°  C.) ;  the  pulse  100  to  no,  hard  and 
bounding ;  the  respirations  slightly  quickened.  Y  oui  patient  y 
have  vomited  die  remains  of  the  last  meal  or  some  bile-stained  mucus 
and  complain  of  the  acidity  of  the  vomited  matter.  T  ie  s 
usually  moist ;  the  urine  is  generally  scanty  and  high  co  oure 
are  the  usual  symptoms  in  a  case  of  eight  to  ten  hours  duratio  , 
symptoms  which  are  common  to  all  acute  fevers. 

In  a  few  hours,  i.e.,  eighteen  hours  after  the  onset,  t  ie  app 
of  the  case  is  much  worse.  'I  he  congestion  has  increase  , 
face,  ears,  neck  and  upper  part  of  the  chest  arc  tinge  a  u 
more  or  less  of  a  boiled  lobster  shade.  The  mucous  membranes 
congested  and  tinged.  The  conjunctival  injection  has  mtrea  , 
eyelids  through  the  engorgement  of  the  capillaries  arc 
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swollen  and  ex  erted,  and  the  space  between  the  upper  and  lower  lids 
is  narrowed,  causing  the  patient  to  present  a  ferrety-eyed  appearance. 
The  headache  is  splitting  and  is  usually  occipital  and  frontal.  The 
least  movement  increases  the  pain,  and  the  patient  may  feel  as  if  his 
brain  was  hammering  through  the  skull-cap.  The  tongue  is  generally 
coated  with  a  light  dirty  yellow  fur ;  the  tip  and  sides  are  red  and 
clean,  the  scarlet  papillae  are  very  distinct.  On  examining  the  gums, 
small  capillary  injections  are  noted  about  the  teeth  along  the' lead 
line.  The  mucous  membrane  of  the  inner  sides  of  the  cheeks  is 
injected,  and  on  examining  the  floor  of  the  mouth  around  the  base 
of  the  tongue,  very  minute  bright  red  points  will  be  seen.  These  are 
especially  noticeable  in  yellow  fever,  and  I  have  rarely  found  them 
so  marked  in  any  other  febrile  disease.  Even  in  mild  cases  they  are 
easily  observed.  Always  examine  your  cases  in  strong,  bright 
daylight,  as  it  is  impossible  to  ascertain  the  colour  by  artificial  light. 

1  he  radiating  pains  in  the  loins  (le  coup  de  barre)  and  legs  are 
intense.  I  he  limbs  feel  leaden.  No  comfortable  position  can  be 
found,  and  the  position  in  bed  is  being  constantly  altered.  Very 
often  the  patient  is  driven  to  cry  out.  The  soles  of  his  feet  throb.  1 

have  had  patients  insist  that  they  felt  the  toe  nails  lifting  and 
throbbing. 


Thirst  is  a  prominent  feature  and  practically  unquenchable.  Thi 
nausea  has  lessened  and  vomiting  ceased,  unless  the  case  is  ai 
alcoholic  or  one  with  a  history  of  gastritis.  When  vomiting  continue, 
it  may  prove  to  be  most  troublesome  and  dangerous.  Probably  thi 
patient  has  not  slept  at  all,  and  although  feeling  so  tired  and  wear] 
eep  will  not  come.  The  mind  is  active,  the  patient  notices  every 
an  .  's  xcrV  suspicious  of  his  attendants  and  his  surrounding: 
unnn  is  laiely  found  so  early'.  The  temperature  has  now  risen  t 
1020  or  103°  F.  C38’9°  to  39*4°  C.).  The  pulse  is  no  to  120,  stil 

AbouTtt?  hrdf'  bU!  regUl:lr'  The  respirations  are  about  >S 
I,.  ,  Wen  ■'  ourth  hour  the  pulse  may  not  show  an  increase 

though  the  temperature  may  still  be  rising.  Faget’s  sign,  tin 

oftenTe  observed!'56  "  °r  6Ven  risi"e  temPerature'  “ 


of  lorto  tflirty  sixth  hour  the  fever  has  probably  reached  a  maxi 

39  40  to  Ice3  F'  (38'6°  l°  39-4”  C.)  m  mild  cases,  .03°  to  to 
94  40  C  )  ln  severe  cases,  and  105°  to  106°  F.  (4o'5 
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4n°c.)  in  extremely  severe  ones.  In  very  virulent  and  practically 
fatal  cases,  the  temperature  may  rise  even  higher.  The  pulse  may 
have  diminished  ten  or  more  beats. 

Although  the  vomiting  has  ceased  there  may  be  more  tenderness 
over  the  epigastrium  and  sensations  of  burning  or  pain  are  felt.  The 
thirst  still  continues.  The  skin  is  less  moist.  The  cephalalgia  and 
pains  in  the  back  and  limbs  are  acute.  The  urine  is  probably  free 
from  albumin  and  still  scanty  in  amount. 

By  the  end  of  the  second  day  the  pulse  begins  to  fall  to  ioo,  go  or 
So,  and  the  temperature  has  remitted  one  or  two  degrees.  The 
tongue  is  still  coated,  the  injection  of  the  mucous  membranes  persists 
but  is  lessened.  The  congested  appearance  of  the  head  is  less 
marked,  the  eyes  are  less  suffused,  the  headache  and  the  pains  in  the 
loins  and  limbs  are  ameliorated.  1  he  patient  feels  better, 
urine  probably  contains  a  little  albumin,  which  gradually  increases  in 

amount. 


During  the  next  twenty-four  hours  the  temperature  commences 
to  fall,  dropping  as  much  as  one  to  two  degrees,  the  pulse  decreases 
but  at  the  same  time  it  becomes  irregular  and  without  tone, 
albumin  increases  slightly;  jaundice  is  usually  apparent.  e 

general  symptoms  of  the  patient  improve,  and,  if  it  is  a  mi 
of  the  disease,  the  temperature  and  pulse  will  gradua  y  a 
normal  or  subnormal  by  the  fifth  or  sixth  day,  all  the  symptom 
decreasing  by  degrees.  In  a  more  severe  type  defervescence 
so  rapid;  there  may  be  epistax.s,  some  oozing  from  *e  gnms 
the  albumin  in  the  urine  may  have  increased  from  to  to  3  0  gra 
per  litre.  These  symptoms  only  persist  foi  a  short  time 
temperature  and  pulse  usually  remain  subnormal  for  six  o  0 
days.  Bradycardia  is  common,  and  a  pulse  of  40  or  35  is  no 

If  you  recollect  the  microscopical  appearance  of  the  organs  01 a 
fourth  day  case,  you  will  remember  that  up  to  this  time  ^ 
have  only  shown  congestion  and  slight  cloudy  swe  mg, *  of  the 

periglomerulitis,  swelling  and  desquamation  of  t  e  epi  ^  ^  the 
tubules  with  congestion  of  the  small  vesse  s  in  1  t^e  third 

kidney.  The  liver  exhibits  greater  changes,  an  ,  eve"n  ,  there 

day,  the  hepatic  cells  will  show  vacuoles  in  spaces 

will  be  an  infiltration  of  small  round  tel  s 
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which  tends  to  compress  the  lumen  of  the  ducts  and  vessels.  lh 
stomach  will  only  show  congestion. 

Should  the  patient’s  symptoms  have  not  improved  and  the 
disease  progress,  the  lesions  rapidly  increase.  The  kidneys  will  show 
all  the  characteristics  of  an  acute  parenchymatous  nephritis,  and  small 
droplets  of  fat  are  seen.  The  epithelium  of  the  convoluted  tubules 
is  especially  degenerated  ;  in  many  places  hyaline  casts  are  filling 
the  lumen  of  the  tubules.  In  the  liver,  the  changes  are  still  more 
evident,  the  fatty  degeneration  is  well  advanced,  the  cells  show  large 
vacuoles,  and  their  protoplasm  is  granular ;  the  hepatic  lobules  are 
deformed  and  the  contour  distorted.  Around  the  central  vein  the 
cells  are  most  irregularly  distributed.  The  infiltration  of  granulation 
cells  about  the  vessels  in  the  connective  tissue  of  the  portal  spaces 
has  increased,  and  many  of  the  vessels  and  ducts  are  obliterated.  The 
stomach  shows  little  points  of  ecchymoses,  especially  about  the 
cardiac  and  pyloric  ends ;  all  the  vessels  are  engorged  with  blood. 

Remember  these  advanced  conditions  and  that  there  is  a  general 
steatosis  of  all  organs  about  the  seventh  day,  and  you  will  find  it  easy 
o  understand  the  symptoms  typical  of  all  acute  cases  which  so  often 
in  death.  1  here  is  a  passive  congestion  due  to  the  liver, 
caused  by  the  accumulation  of  round  cells  about  the  vessels  in  the 
ectiv e  tissue  of  the  portal  spaces.  These  cells  tend  to  compress 
essels,  and  the  congestion  is  aided  by  the  enlarged  degenerated 
pa  tic  cells  which  compress  the  hepatic  capillaries.  Through  the 
etion  of  the  portal  circulation,  the  blood  is  dammed  back  in  the 
,  ^  and  intestine,  especially  about  the  pylorus  and  duodenum, 

.  ’  aS  ^arr°h  points  out,  the  vessels  the  pyloric  and  duodenal 

fourfti  ^  °rt  3nC*  ver-y  ^ew  anastomoses.  By  the  end  of  the 
sip-ns  fl*r 1 1C  endodiehum  the  blood  vessels  is  beginning  to  show 
wonder  th  degenerahon-  Under  such  circumstances  it  is  no 
black  v  >  thrt  SmaU  ConSested  capillaries  will  rupture  and  cause 
a  small  11  C  caP‘haries  in  the  stomach  distend  and  burst,  and 
the  stn  °07^  °  T°Ci  Wl11  §TaduaI1y  mix  with  the  acid  secretions  of 
vomitus.  aC A  hC  JeSUlt  1S  the.  <coffee  grounds’  or  ‘fly-speck' 
chano-f-c  f  S  m°re  °  t^ie  capillaries  rupture  and  ooze,  the  vomitus 

brQwn  tjnt  It  is  only  when 
f"'y  <9,  1902.  James'  ibe  treat meat  of  Yellow  Fever.  Jour.  Am.  Med.  Assoc' 
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a  comparatively  large  vessel  ruptures  and  there  occurs  an  immediate 
attack  of  vomiting  that  we  see  bright  red  blood. 

In  the  more  severe  cases  the  temperature  will  recede  a  little  and 
the  patient  feels  better ;  but  this  is  only  for  a  short  time,  seven  to. 
twenty  hours.  During  the  quiescent  period  the  outcome  looks  rosy 
to  the  uninitiated.  The  patient  feels  himself  again,  his  headache 
and  pains  have  left  him.  He  commences  to  feel  hungry  and  demands 
food,  and  talks  of  being  out  of  bed  in  a  few  days.  It  is  hard  for  the 
onlooker  to  believe  the  improvement  is  only  temporary  and  that 
in  a  few  hours  haemorrhages  and  black  vomit  will  appear. 
Unfortunately  such  an  occurrence  is  too  frequently  the  case.  In  a 
few  hours  the  appearance  of  the  patient  has  altered.  He  is  vaguely 
uneasy  and  restless.  The  congestion  of  the  mucous  membranes  is 
livid.  The  epigastric  tenderness  which  had  lessened,  reappears  and 
rapidly  becomes  worse.  The  liver  is  tender,  and  pressure  over  the 
epigastrium  is  exceedingly  painful.  The  albumin  increases  in  amount 
and  the  quantity  of  urine  may  decrease.  The  temperature 
begin  to  rise.  The  pulse  rate  will  increase  but  not  in  proportion  to 
the  temperature.  Tiny  coffee-ground  specks,  may  appear  in 
vomitus;  these  increase  in  amount;  they  may  coalesce  an  ecom 
streaky  (it  is  rare  to  find  fresh  blood  coagula  at  this  stage),  when 
suddenly,  with  little  warning  to  the  attendants,  black  or  brownis 
grey  vomit  will  occur.  Should  the  kidneys  withstand  the  strain  and 
continue  to  secrete  urine,  the  patient  can  recovei  even  if  e 
several  bad  attacks  of  black  vomit.  If  the  general  condition  continues 
to  become  more  serious,  the  icteric  tint  grows  more  an 
pronounced.  The  symptoms  become  intensified,  the  black  vomi 
may  increase  in  frequency  and  amount.  The  patient  ecom 
steadily  worse.  His  mind  is  no  longer  clear,  he  ram  es  0 
become  delirious.  The  tongue  is  dry  and  coated,  the  ips  a 
cracked,  the  mucous  membrane  is  livid.  Haemorrhages  ro™ 
mucous  membranes  occur.  There  may  be  bleeding  rom 
gums,  nose  and  ears.  The  epigastric  tenderness  is  of  a 

will  elicit  a  cry  from  even  a  delirious  patient.  ie 
hypodermic  needle  will  often  cause  a  small  haemorrhage  , 
on  the  muscles  may  cause  subcutaneous  ecchymoses,  an  jntestinal 

may  become  so  intense  as  to  resemble  a  haemophi  ic  s  a  e 
haemorrhages  may  occur.  The  bowels  will  move  repeatedly, 
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the  stools  will  become  more  and  more  tarry  and  offensive.  The 
kidneys'  begin  to  manifest  signs  of  the  strain,  the  albumin  is  increasing 
rapidly,  and  the  amount  of  urine  is  decreasing.  All  the  symptoms 
point  to  a  collapse  of  the  renal  system,  but  even  yet  the  case  is  not 
hopeless  provided  that  the  kidneys  are  able  to  perform  their 
functions.  Should  anuria  occur  and  continue  for  more  than  a  few 
hours  the  prognosis  is  of  the  very  gravest.  All  this  time  the 
temperature  may  continue  elevated,  but  it  is  generally  falling  and 
may  become  normal  or  subnormal.  The  pulse  is  running ;  very  often 
it  is  irregular.  80  to  no.  The  mucous  membranes  are  extremely 
pale  and  show  the  effects  of  the  exsanguination.  As  the  state  of  the 
patient  progresses  towards  a  fatal  termination,  the  vomiting  and 
movements  of  the  bowels  become  intensified,  or  convulsions  and  coma 
intervene,  and  death  occurs  within  a  few  hours,  although  we  have 
seen  the  anuric  state  last  for  as  long  as  fifty-six  hours.  With  some 
patients  the  mind  may  be  clear  until  the  last  few  minutes.  This  is 
especially  the  case  where  collapse  has  occurred  and  the  temperature 
has  fallen  very  much  below  normal. 

Yellow  fever  is  always  an  impressive  and  terrible  disease.  It  is 
striking  because  it  attacks  those  who  are  robust  and  in  the  prime  of 
manhood.  The  suddenness  of  the  onset  and  the  rapidity  with  which 
death  follows  must  necessarily  impress  the  relatives  and  acquaintances 
°  the  v,ctim-  Fortunately  for  the  sufferer,  the  friends  and 
ttendants,  the  battle  is  short,  sharp,  and  decisive.  Those  who  have 
passed  through  the  ordeal  generally  come  through  unscathed.  Very 
few  permanent  ill  effects  can  be  recorded. 


CKUGNOSIS 


t  ie  mild  forms  of  yellow  fever,  recovery  occurs  in  almost  every 

?  CC*  t*lat  ^le  patient  is  not  already  suffering  from  some 

U  aniC  isease’  esPecially  of  the  kidneys,  but  even  in  these  cases  we 
have  seen  recovery  follow. 

amnnnf^f more  severe  forms  of  the  disease,  where  there  is  a  certain 
___ _  ^astric  disturbance  and  moderate  albuminuria,  with  care 

\>e  ,formed°1,soOIthta!1  the  end  !„!!,'  ,adv’anced  stapes  of  the  disease  hut  little  urea  can 
carbonate  of  ammonium  are  retained S.  of.,niet.abo,,sm.  carbonate,  lactate  and  perhaps 
Jhus  anuria  and  ammonaemia  a  c!rcu,ation  and  act  as  additional  poisons- 

convulsions,  is  due  to  ammonaemia  and'  not  in^erni?™™  and  coma-  with  or  "lth° 
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and  efficient  nursing  the  prognosis  can  be  regarded  as  excellent. 

Patients  exhibiting  a  high  degree  or  steady  increase  of  album¬ 
inuria  and  a  lessening  in  the  amount  of  urine  voided  in  the  twenty- 
four  hours  are  bound  to  have  a  severe  struggle.  So  long  as  there  is 
a  fair  quantity  of  urine  passed,  the  amount  of  albumin  per  litre  may  be 
20  to  4'0  grammes.  A  grave  prognosis  is  always  given  when  the 
kidneys  show  signs  of  failure  and  the  albumin  is  increasing.  Albumin 
appearing  in  the  first  twenty-four  hours  is  an  extremely  serious  sign. 
The  later  the  albumin  appears  in  the  urine,  the  better  the  prognosis. 
Anuria,  if  long  continued,  is  invariably  fatal. 

Marked  jaundice  on  the  second  day  indicates  severe  hepatic  lesions, 
and  merits  a  grave  prognosis.  The  longer  the  appearance  is  delayed 
the  more  favourable  the  prognosis.  Severe  jaundice  is  generally 
associated  with  delirium  ;  it  is  usually  the  forerunner  of  haemorrhages, 
and  if  there  is  coincident  failure  of  the  urine  or  severe  albuminuria 
the  outlook  is  most  gloomy. 

Haemorrhages.  Epistaxis  is  a  not  unfavourable  sign,  and  the 
patients  appear  markedly  relieved  after  they  have  lost  some  fifty  or 
more  grammes  of  blood.  It  is  quite  common  to  meet  \\  ith  it  as  one  o 
the  prodromal  symptoms.  Severe  and  long  continued  epistaxis  is  to 
be  feared. 

Bleeding  from  the  gums  is  not  unusual  and  is  not  dangerous, 
provided  it  only  appears  about  the  fourth  to  fifth  day  and  is  not 
excessive.  An  early  appearance  on  the  second  or  third  day  anc 
copious  haemorrhages  indicate  a  severe  attack,  and  in  all  probability 
other  haemorrhagic  complications  will  occur.  Copious  haemorrhages 
from  the  inside  of  the  cheeks  and  the  tongue  are  prone  to  occur 
through  the  patient  accidentally  biting  the  tip  or  sides  of  the  lattei 
the  mucous  membrane  of  the  cheeks. 

Gastric  haemorrhages  are  always  an  indication  of  a  se\ere  t)Pe 
the  fever.  Black  vomit  occurring  within  the  first  two  da)s  o  ti 
disease  is  of  the  very  gravest  import.  Though  it  is  always  a  a 
symptom  and  demands  a  guarded  prognosis,  patients  whose  ki  > 
are  acting  well  can  develop  black  vomit  on  the  fourth  or  fifth  a) 
recover.  The  longer  black  vomit  is  delayed  the  better  the  prognosis 
Marked  failure  of  tile  renal  system  associated  with  this  comp  ic  ^ 
is  almost  invariably  fatal.  Black  vomit  appearing  in  c  . 
gums  are  already  bleeding  generally  indicates  a  fata  ten 


When  black  vomit  appears  abundantly  and  frequently,  the  prom®, 
is  always  grave. 

Other  haemorrhagic  conditions,  such  as  the  purpuric  patches  on  the 
body,  ears,  etc.,  extravasations  of  blood  into  the  conjunctivae,  a  general 
haemophilic  condition  when  every  orifice  bleeds,  are  only  seen  in  the 
malignant  and  fatal  types  of  yellow  fever.  In  women  it  is  not 
uncommon  for  menstruation  to  appear  before  the  customary  time  or 
to  reappear  in  fatal  cases.  Haemorrhage  may  occur  from  the  uterus, 
vagina  or  urinary  bladder. 

Delirium  must  be  regarded  as  a  grave  symptom,  and  if  occurring 

during  the  first  couple  of  days  is  almost  invariably  fatal.  Occurring 

after  the  fifth  day  the  prognosis  is  favourable.  One  of  the  great 

angers  to  be  feaied  from  this  symptom  is  that  the  patient  in  the 

ence  o  his  delirium  induces  other  complications  and  cannot  be 

°^r  ^  nursed-  Rambling  and  incoherence  are  common  symptoms 

.  .  se'ere  cases.  A  moist  skin  in  the  early  stages  of  the  disease 

r  ,  °men'  ^le  ccdd  clammy  skin  encountered  in  collapse  and 

afebrile  forms  is  to  be  dreaded. 

Temperature.  The  degree  of  fever  is  of  value  if  it  is  taken  into 
si  eration  with  the  other  important  symptoms.  A  high  tempera- 

ahlp  SA°Clatj  coP*ous  urination  and  scanty  albumin  is  favour- 

earlv  moderate  fever  of  103°  to  104°  F.  (39-40  to  40°  C.)  with  an 

temnerat  rap  fa”  15  a  g°°d  Sign ■  Bad  Pr°g™ses  are  when  the 
the  first  r~S  UP  f°r  Severa!  days’  is  at  a  moderate  level  for 
(40 O  riX  rS'  and  then  rises-  °r  if  a  temperature  of  ,oS°F. 
defervesl  OV?r  °CCUrS  “  the  first  twenty-four  hours.  Rapid 
if  the  °,n  ‘  6  SeC°nd  °r  third  daF  to  subnormal  is  to  be  feared 

t  mperatu  ^  °f  bradycardia.  A  subnonnal 

maSSOC,ated.W,th  haemorrhage  is  extremely  unfavourable, 
overworked  ne  Prognosis  shouId  given  in  alcoholics;  fast  livers; 
doctor  ;  patienfT"^  PatlCnts  who  Persist  in  disobeying  the  nurse  and 

ambulatory  cases  or  Daf  T  <|eIayed  acknowledging  they  were  ill; 

by  disease-  n  *  160  s  "  kose  constitutions  are  already  weakened 

improper  treatm^Thn  WTen’  ^  patients  whose  bodies,  through 
An  excellent  n  V<?-  Ce"  macle  receptacles  for  numerous  drugs. 
of  urine,  900  grammes  *  *  shghtIy  moist  skin  ;  a  Sood  secretion 
and  jaundice  -a  •  r  more  Per  day,  a  moderate  amount  of  albumin 
"dice,  a  quiet  digestive  system,  which  will  allow  of  fluids 
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being  freely  taken  ;  slight  epistaxs;  a  restful  disposition  and  ability 
to  sleep,  and  fever  from  1020  to  103-5°  or  w4°  F.  (38-9°  to  39-7°  or 
40°  C.)  with  gradual  defervescence  by  the  third  day. 

A  fair  prognosis  is  a  drier  skin  ;  600  grammes  of  urine,  albumin 
increasing  but  not  exceeding  2‘o  to  3'0  grammes  per  litre ;  light 
jaundice;  slight  attacks  of  black  vomit  which  occur  on  the  fifth  day,  or 
glosso-labial  haemorrhages. 

A  serious  prognosis  is  a  dry  skin  ;  high  fever  of  103-5°  t°  I04‘4°  F. 
(390  to  40-2°  C.)  for  two  or  more  days  ;  considerable  gastric  disturb¬ 
ance  from  the  onset ;  early  appearance  of  albumin  which,  although 
in  small  amount,  is  associated  with  a  diminution  in  the  quantity  of 
urine,  400  to  600  grames  ;  much  jaundice  ;  hiccough,  fairly  copious 
black  vomit ;  epistaxis,  glosso-labial  haemorrhages ;  tendency  to 
become  delirious  ;  feeble  and  thready  pulse. 

A  very  grave  prognosis  is  the  above  with  greater  tendency  to 
copious  black  vomit  and  haemorrhages ;  hiccough  constantly  recur¬ 
ring;  violent  delirium  ;  pronounced  icterus  and  failing  renal  system  ; 
symptoms  of  collapse  and  subnormal  temperature,  or  a  history  of 
temperature  falling  on  the  third  or  fourth  day  and  followed  by  a  sudden 
rise  to  104°  F.  (40°  C.)  with  complications  such  as  abscesses  of  the 
parotids  or  pneumonia. 

MANAGEMENT  AND  TREATMENT 

The  most  important  points  in  the  management  of  yellow  fever 
cases  are  nursing,  absolute  rest  in  bed,  restriction  of  all  nourishment 
for  the  first  few  days,  the  use  of  alkaline  waters  and  the  cautious 
administration  of  drugs.  You  must  make  yourselves  responsible  for 
the  entire  management  of  the  case,  and  should: 

1.  Obtain  as  full  a  history  of  the  onset  as  possible,  and  of  the 
Patient’s  habits,  temperament,  etc. 

2.  Examine  your  patient  thoroughly,  and  do  not  postpone  the 
examination.  Yellow  fever  is  a  disease  which  runs  too  rapid  a  course 
to  Permit  of  any  delay. 

3-  Examine  a  fresh  specimen  of  urine.  If  ,vou  have  ^ee 
summoned  within  the  first  twenty-four  hours  it  will  probably  contain 

albumin.  Give  orders  to  preserve  all  the  urine  passed  by  the 
J 


patient  and  arrange  that  the  necessary  covered  jars  are  provided  so 
that  the  full  quantity  for  the  twenty-four  hours  can  be  kept.  See 
that  a  special  jar  is  always  ready  for  holding  the  last  urine  voided 

Give  orders  that  the  patient  shall  urinate  before  the  bowels  move 
or  before  a  clyster  is  given.  This  is  important,  as  later  on  when  the 
amount  of  urine  is  decreasing,  much  urine  may  be  lost  in  the  bed-pan 
Examine  the  urine  for  albumin  and  test  the  reaction  at  least  twice 
daily,  until  convalescence  is  established.  You  have  to  ascertain  the 
time  when  the  albumin  appears  and  afterwards  the  information 
obtained  from  the  daily  examination  of  the  urine  as  to  the  amount 
of  albumin,  urea,  and  the  reaction  will  be  one  of  the  most  important 
guides  to  the  prognosis  and  management  of  the  case.  Albumin  is 
generally  present  in  this  disease,  appearing  between  the  second  and 
third  day.  In  severe  cases  it  may  be  found  in  the  first  twenty-four 
hours.  In  very  mild  cases  it  may  only  appear  for  a  few  hours.  In 
some  cases  it  is  never  found  throughout  the  course  of  the  disease. 

4.  Obtain  a  trained  nurse.  Too  much  care  cannot  be  given  to 
the  patient,  and  severe  cases  will  require  two  trained  nurses,  h 
default  of  trained  nurses  your  patient  will  suffer,  but  it  will  not  be 
your  fault. 

5-  Give  instructions  to  have  the  temperature,  pulse  and  respira¬ 
tions  taken  and  recorded  every  two  to  four  hours,  and  check  the  results 
by  doing  it  yourself  at  least  twice  in  every  twenty-four  hours. 

6.  Older  the  patient  to  be  screened  both  day  and  night.  Do  not 
fail  to  insist  on  the  utmost  care  being  taken  to  prevent  Stegomvia 
ceding  on  the  patient.  I  he  lives  of  all  non-immunes  depend  in  a  grft 

measure  on  this  precaution  being  observed.  Even  if  you  have  not 
made  a  positive  diagnosis,  so  long  as  there  is  the  least  suspicion  that 
it  may  possibly  be  yellow  fever,  your  duty  is  to  insist  on  the  screening 
e  screening  saves  your  patient  from  being  annoyed  by  mosquitos, 
and  is  an  educational  factor  to  the  general  public.  If  it  is  a  case  of 
ye  ow  fever,  and  over  the  fourth  day  of  the  disease,  the  patient  is 
non-inf ective  and  screening  is  not  absolutely  necessary. 

7.  1  he  various  rules  and  regulations  of  the  Sanitary  Departments 
should  be  complied  with. 


Nursing. 

If  trained  nurses  are  available,  give  the  instructions  about  urine, 
temperature,  pulse,  medicines,  etc.,  in  writing.  See  that  suitable 
temperature  charts  are  provided.  Failing  trained  nurses,  willing 
volunteers  must  be  instructed,  but  in  severe  cases  the  lack  of  skilled 
nursing  cannot  but  militate  against  the  ultimate  outcome.  A  yellow 
fever  case  requires  to  be  nursed  even  more  intelligently  than  a 
typhoid  case.  The  disease  is  rapid  ;  it  is  a  question  of  hours,  not  of 
days,  and  when  the  critical  moment  arrives,  unless  you  are  on  the 
spot,  much  valuable  time  will  be  irretrievably  lost.  I  speak  from 
experience,  as  my  colleagues  and  myself  are  heavily  handicapped  by 
lack  of  trained  lay  nurses  in  treating  patients  in  private  houses.  Many 
a  time  have  I  had  to  acknowledge  that  the  public  hospital  yellow  fever 
patient  was  better  provided  for  than  the  richer  private  patient.  The 
volunteers  are  willing,  but  the  facilities  for  nursing  are  absent  and 
•  impossible  to  obtaia 

Until  well  on  the  road  to  recovery  the  patient  should  never  be 
left  alone.  Visitors  must  be  prohibited,  and  only  those  actually  m 
attendance  on  the  case  should  enter  the  room. 

The  room  should  be  large  and  airy,  and  the  bed  should  be  so 
arranged  that  day  and  artificial  light  will  not  cause  annoyance. 
Photophobia  is  frequently  a  most  distressing  symptom.  Ventilation 
is  necessary,  but  care  should  be  taken  that  the  patient  is  expose  to 
no  draught.  The  bed  should  be  narrow  and  have  good  springs  ;  the 
mattress  should  be  covered  with  a  rubber  sheet.  The  bedclot  nnto 
should  be  light.  A  sheet  is  usually  sufficient. 

The  necessary  bed-pans  and  urine-bottles  should  be  procure  . 
generous  supply  of  bowls  should  be  ready  for  catching  the  \omitus, 
and  when  black  vomit  appears  these  should  be  changed  as  quick  y  - 
possible.  Ice  and  ice-bags  are  necessary,  as  is  also  a  hypo  ermic 
syringe,  previously  sterilised  and  ready  for  any  emergency,  an  < 
collection  of  ampoules  of  caffeine,  spartein,  strychnine  and  ctrer, 
some  tubes  of  ethyl  chloride  ;  cotton  wool  for  the  gums  and  n 

cleansing  solution  for  the  mouth.  . 

The  patient  should  be  made  to  understand  that  absolu i  e  r 
bed  is  necessary.  If  possible  the  faeces  and  urine  shou  Pi 
in  the  bed-pan  and  bottle.  No  excitement  should  be  allow  e  ,  a 
sleep  can  be  obtained  the  outlook  is  all  the  better. 
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Treatment 

Purge. 

As  practically  all  cases  of  yellow  fever  have  been  in  robust  health 
until  suddenly  stricken  with  the  disease,  it  is  advisable  to  give  a 
purge.  Some  doctors  prefer  castor  oil,  others  fluid  magnesia,  various 
cathartic  mixtures  or  large  doses  of  calomel.  I  favour  small  fractional 
doses  of  calomel  followed  by  sodium  sulphate.  The  latter  is  an 
excellent  diuretic  and,  with  the  calomel,  often  allays  the  acidity  of  the 
stomach.  After  the  preliminary  purge,  it  is  inadvisable  to  give  any 
more,  as  we  should  irritate  the  bowels  as  little  as  possible,  and  enemata 
will  answer  the  patient’s  needs. 

Diaphoresis. 

When  the  purge  has  been  taken,  a  hot  mustard  foot-bath  or  hot 
pack  should  be  given.  In  order  to  induce  free  diaphoresis  hot 
demulcent  diinks  should  be  taken.  Free  perspiration  for  a  short 
time  is  comforting  to  the  patient  and  markedly  relieves  the  congestion. 
Care  should  be  taken  to  avoid  the  symptoms  of  excessive  sweating, 
which  are  so  graphically  described  by  Carroll  *  Sweating  should  be 
confined  to  the  first  twenty-four  hours  of  the  disease. 

Enemata. 

It  is  an  almost  universal  custom  to  order  clysters,  and  they  vary 
as  to  amount,  number  and  composition.  One  large  one  every  twelve, 
sometimes  every  eight  hours  is  sufficient.  Some  doctors  use  solutions 
oracic,  others  eucalyptus,  sodium  chloride  or  sodium  sulphate.  1 
prefer  the  two  latter,  using  about  600  c.c.  or  1  litre  of  solution  to  be 
mjected  slowly  and  retained  as  long  as  possible. 

e  eucalyptus  and  boracic  are  supposed  to  be  excellent,  but  I 
ie\e  that  their  virtues  rest  in  the  mere  cleansing  of  the  lower 
bowel  and  the  sensation  of  comfort  imparted  to  the  patient.  The 
temperature  of  the  clyster  should  be  usually  about  65°  to  ;o°  F.  (i8f 
-4  •)•  Some  prefer  to  use  ice-cold  enemata,  but  they  generally 

cause  the  patient  discomfort  and  do  not  appear  to  reduce  the 
temperature  very  much. 


*  Carroll,  James,  loc.'dt. 


Nourishment. 

Prohibit  all  nourishment  for  the  first  three  or  four  days.  The 
patient  is  able  to  do  without  any  food,  and  his  stomach  obtains  the 
needed  rest.  Some  doctors  give  small  quantities  of  milk,  but  it  only 
increases  the  tendency  to  nausea,  and  is  almost  invariably  vomited. 

Alkaline  drinks. 

Vichy,  source  Celestins,  is  universally  used  for  quenching  the 
thirst  of  the  patient  It  is  an  excellent  alkaline  diuretic  water,  and  is 
readily  taken.  Because  of  the  burning  thirst  the  patient  will  be  eager 
to  consume  large  quantities  of  this  water,  and  he  should  be  encouraged 
to  drink  three  to  four  litres  daily.  He  is  liable  to  drink  to  excess  and 
over-distend  his  stomach,  causing  vomiting.  It  is  thereiore  advisable 
that  he  should  be  given  definite  quantities  at  regular  intervals ;  a  cock¬ 
tail  glassful  every  quarter  of  an  hour  should  be  offered  him ;  this  he 
can  sip  or  drink  at  once.  Should  he  lall  asleep  and  miss  part  ot  the 
allowance  larger  quantities  should  be  given  on  his  awakening.  The 
great  aim  being  that  at  least  three  litres  should  be  imbibed  daily. 
The  amount  of  urine  increases  at  once,  the  kidneys  are  well  flushed, 
and  the  acidity  of  the  stomach  corrected.  1  he  Vichy  can  be  given 
iced  or  at  room  temperature.  You  will  find  the  majority  of  patients 
prefer  Vichy  as  cold  as  possible.  A  few  patients  dislike  Vichy,  and 
in  that  case  Apollinaris,  Mattoni,  or  any  other  carbonated  alkaline 
water  can  be  substituted.  If  the  water  is  very  gaseous,  it  is  advisable 
to  allow  some  of  the  gas  to  escape  in  order  to  prevent  much  gas  being 
retained  in  the  stomach,  inducing  eructations  and  possibly  hiccough. 
In  the  absence  of  Vichy  or  other  alkaline  water,  you  can  alkalinize  the 
ordinary  drinking  water  with  bicarbonate  of  sodium.  Some  doctors 
use  the  juice  of  fresh  limes  mixed  with  potassium  bicarbonate  to 
render  the  drink  neutral.  Occasionally  this  can  be  given  in 
first  forty-eight  hours,  but  the  alkaline  water  does  not  upset 
stomach,  and  larger  quantities  are  drunk,  which  is  what  we  aim 

Venesection. 

As  a  rule  this  mode  of  treatment  is  not  necessary,  but  '  y 
plethoric  subjects  are  considerably  eased  by  the  removal 
1 50  c.c.  blood.  1  have  had  patients  implore  me  to  repeat  the  ven 
In  the  past,  patients  were  almost  exsanguinated,  hence 
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fell  into  disuse,  but  where  the  congestion  is  intense,  the  carotids 
visibly  pulsating  and  the  veins  engorged,  venesection  is  indicated 
in  the  robust,  and  is  often  the  only  remedy  which  will  relieve  the 
splitting  headache.  It  is  of  no  use  in  the  later  stages  of  the  disease. 

Ice-bags. 

tor  the  cephalalgia,  applications  of  ice  are  of  use,  and  especially 
when  applied  in  the  helmet  ice-bag  which  covers  the  entire  head  from 
the  forehead  to  base  of  the  occiput.  A  Leiter’s  coil  can  be  used.  An 
ordinary  rubber  air-cushion  or  a  hot-water  bag  filled  with  ice-water 
affords  great  relief  to  patients  who  will  not  use  the  ice-bag.  For  the 
\omiting  an  ice-bag  can  be  used.  An  excellent  plan  is  to  use  a  spray 
of  ethyl  chloride.  I  his  frequently  checks  the  tendency  to  vomit  and 
can  be  instantly  applied. 


Spongings. 


I  hese  are  most  excellent  and  should  be  used  according  to  the 
degree  of  fever  and  the  reaction  exhibited  by  the  patient.  Spongings 
should  be  given  every  two  hours  if  the  temperature  exceeds  101° F. 
(38  3  C.)  ;  if  over  103°  F.  (39*4°  C.)  every  hour.  The  temperature  of 
I16  water  should  be  from  75°  to  6o°  F.  (240  to  15-5°  C.)  or  even  lower. 


Baths. 


Cold  baths  are  valuable  if  the  temperature  is  over  I04°F.  (40° 0 
t  arc  only  advised  if  they  entail  no  undue  exertion  on  the  part  of  the 
pa  rent.  A  sufficient  supply  of  water,  the  necessary  full  length  bath, 
r  ass’stance,  etc.,  are  usually  wanting.  Hence  spongings  are  more 


Cold  packs. 

Are  useful,  if  assistance  is  limited. 

n  ,  °^.  ^lese  aPphcations  are  grateful  to  the  patient, 
piopeHy  given  are  of  great  help  during  the  fever  period.  It  is 

form^T «.  °r  mC  t0.tdI  y°U  that  F°u  wil1  have  to  initiate  all 
reaction  .reatrnent  *n  order  that  you  may  determine  if  a  si 
s  •  ^  Cin§’  obtamed>  and  to  teach  the  nurses. 

patient"?  °r  “T  Iender  g0°d  Service  in  keeping  the  skin 
pat,ent  clean,  and  help  to  lessen  the  formation  of  boils. 
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Care  of  the  gums. 

The  gums  and  mouth  should  be  most  carefully  attended  to.  The 
gums  are  especially  prone  to  become  spongy  and  to  bleed.  Inflamma¬ 
tion  of  the  parotids  with  abscess  formation  is  a  frequent  complication. 
The  use  of  the  tooth-brush  should  be  interdicted  and  the  teeth 
cleansed  with  tooth-powder  and  pledglets  of  cotton  wool.  An  anti¬ 
septic  mouth-wash  should  be  used  four  or  six  times  a  day  to  harden 
the  gums  and  relieve  the  filthy  taste  in  the  mouth. 

Many  cases  will  require  very  little  more  treatment,  and  drugs 
should  not  be  given  unless  absolutely  necessary.  Your  main  care 
should  be  to  supervise  the  nursing,  absolute  rest  of  the  patient, 
starvation,  the  early  purging  and  sweating,  the  reduction  of  the  fev ci 
by  cold  spongings  or  baths,  the  use  of  alkaline  drinks,  enemata,  ice- 
bags  to  the  head  and  cleansing  of  the  mouth  and  gums.  It  will 
require  all  your  vigilance  to  direct  the  nursing  and  management  of 
the  case  and  to  check  the  condition  of  the  patient  by  his  temperature, 


pulse  rate  and  the  action  of  the  kidneys. 

Yellow  fever  is  a  disease  which  cannot  be  cured  by  drugs,  and 
while  employing  symptomatic  treatment  you  should  endeavour  to 

avoid  causing  any  irritation  to  the  stomach. 

In  addition  to  Vichy  many  doctors  prescribe  fluid  magnesia  wit 
benzoate  of  soda,  bicarbonate  of  soda  either  in  cachets  o  i  o  o 
grammes  every  three  to  four  hours,  or  in  solution  of  I  5  t°  2  0  ST 
to  ioo  c.c.  of  water,  giving  30  cc.  every  hour.  I  pitfei  tie  : 
as  they  are  not  so  disagreeable  to  take.  If  abundant  alkaline 
water  is  drunk,  and  sodium  carbonate  or  magnesia  is  & 
addition,  the  acid  reaction  of  the  urine  will  gradually  give  p  a 
neutral  or  alkaline  reaction.  1  his  is  a  fa\  ourable  in  ica  1 


Kidneys. 

Should  the  urine,  despite  the  drinking  of  abundant  alkaline  waters, 
rapidly  decrease  in  amount  and  failure  of  the  renal  sys  e 
imminent,  no  time  must  be  lost.  Caffeine  citrate  is  a  car  ^ 

and  acts  beneficially  on  the  kidneys.  It  is  easy  to  a  rain  Gther 

form  of  hypodermics,  and  should  be  given  in  Pre  er®n  ive 

stimulants.'  If  the  kidneys  fail  to  respond,  it  ..  in 

theobromine,  2-0  to  3-0  grammes  in  the  course  o  emulsion  of 

cachets  of  0‘3  to  o’5  gramme,  or  in  the  form  c 


theobromine,  benzoate  of  soda,  and  sufficient  gum.  Hot  air-baths, 
hot  hip-baths,  linseed  poultices  to  the  loins  or  a  localised  hot  pack 
can  be  tried.  Carroll'  suggested  that  a  hypodermic  or  rectal  injection 
of  urea  (ro  gramme)  might  be  given  if  anuria  is  impending. 

in  order  to  ascertain  if  the  kidneys  are  freely  functioning,  the 
patient  should  be  trained  to  use  the  bottle  every  two  or  three  hours, 
in  this  way  we  can  gauge  the  reacting  power  of  the  kidneys.  It 
sometimes  occurs  that  the  urinary  bladder  becomes  paralysed,  and 
therefore  if  no  urine  is  being  voluntarily  voided,  the  patient  should  be 
catheterized.  Retention  of  the  urine  is  usually  a  bad  omen. 

Alcohol  in  the  form  of  good  sound  champagne  is  generally  used 
It  is  a  useful  stimulant  and  is  well  taken  by  the  patient.  A  good 
Rhine  wine  is  preferable.  Vichy  should  be  added  to  the  wine.  Do 
not  use  red  wine,  as,  should  the  patient  vomit,  the  mixture  might  be 
mistaken  for  black  vomit. 

Irrigation  of  the  lower  bowel  with  sodium  sulphate  should  be 
tiied.  Never  despair  of  your  case  so  long  as  the  urine  continues  to 
flow.  It  has  been  suggested  to  perform  decapsulation  of  the  kidneys; 
it  may  be  tiied,  as  the  pathological  processes  are  not  so  intense  that 
all  the  kidney  substance  is  destroyed. 

Vomiting. 

1  his  is  a  most  common  symptom.  It  is  usually  present  in  the  first 
iouis  after  the  onset,  but  with  abstinence  from  all  food  andcare- 
u  y  legulated  drinking  of  Vichy  it  generally  ceases.  In  alcoholics  or 
patients  who  have  previously  suffered  from  gastritis,  vomiting  is  apt 
o  be  a  marked  symptom  of  yellow  fever.  Cease  giving  any  liquids 
Vi  h  fl°uis  and  then  cautiously  begin  with  spoonfuls  of  iced 

st'C1>  ui  !  Patient  complains  of  thirst  let  him  wash  his  mouth  with 
S  ac  s.  tea  or  acid  lemonade,  but  do  not  allow  him  to  swallow. 
Chi  vf>1S1«n  ^  mustard  or  an  ice-bag  to  the  epigastrium  is  useful 
^  applied  in  a  line  spray  to  the  epigastric  region  when  a 
Vo  VOrn^‘n^  *s  about  to  occur,  very  often  stops  the  attacks 

vomit '  .iU1CS  musl  be  given  by  the  mouth  for  some  hours  after 
clyster*  %  iv-S  *  e^SCt1'  (j*ve  *be  alkaline  treatment  in  the  form  of  small 
_  1Car  °nate  of  soda-  Sucking  cracked  ice  is  useful  in  nausea- 
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Lavage  of  the  stomach  has  been  tried,  but  is  rarely  successful.  Cocaine, 
chloroform,  tincture  of  peppermint  are  advised  by  many,  but  nothing 
succeeds  like  absolute  rest,  and  the  doctor  must  see  that  it  is  enforced, 
as  continued  vomiting  invariably  brings  on  black  vomit  and  wears  out 
the  strength  of  the  patient. 

Hiccoughs. 

Are  apt  to  be  troublesome.  In  the  early  stages  a  little  fresh,  iced 
champagne  fully  charged  with  gas  works  wonders.  In  the  later 
stages  the  hiccoughs  are  signs  of  ammonaemia. 

Black  vomit. 

The  treatment  for  ordinary  vomiting  should  be  tried.  Iron  has 
not  proved  of  much  value  nor  has  ergot.  Adrenalin  by  the  mouth 
has  appeared  to  be  ol  benefit.  All  fluids  should  be  stopped  so  that 
the  adrenalin  can  have  time  to  act  in  an  undiluted  state.  Gi\e  20  to 
40  drops  in  a  teaspoonful  of  water.  Have  plenty  of  bowls  to  catch 
the  vomit,  and  if  possible  do  not  let  the  patient  see  it.  Many  patients 
will  not  notice  the  colour  or  will  believe  it  to  be  bile.  Do  not  confound 
haemorrhages  from  the  gums  or  posterior  nares  with  black  vomit. 
The  recumbent  patient  may  swallow  the  blood  and  later  on  vomit 
this  is  apt  to  occur  in  the  first  day  and  will  create  a  wrong  prognosis. 

Bowels. 

The  ordinary  enemata  are  sufficient  to  keep  the  bowels  open. 
Diarrhoea  is  liable  to  occur  in  the  haemorrhagic  stage,  eithei  10 
blood  in  the  stomach  or  bleeding  from  the  congested  duodenum, 
evacuations  are  tarry  and  intensely  foetid.  Large  clysters  given  ve  y 
slowly  should  be  administered. 

Delirium. 

For  mild  or  intermittent  delirium,  apply  an  ice-bag  or  P^ov 
head,  and  enjoin  absolute  quiet  in  the  patient  s  room.  ot 
of  service.  Use  as  little  restraint  as  possible.  In  vio  ent  e  1  » 

maniacal  patients  may  have  to  be  tied  down.  con 

hopeless.  Bromides  and  chloral  have  been  recommended. 
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Heart. 

For  cardiac  weakness  in  the  later  days  caffeine  is  best.  Spartein 
and  strychnine  are  of  use.  Alcohol  is  of  value.  Great  care  must  be 
taken  to  prevent  collapse,  and  especially  when  the  bradycardia  is 
pronounced.  Ether  is  useful,  especially  if  collapse  is  threatened 
through  attacks  of  vomiting. 

Com  pi  ications. 

Inflammation  of  the  parotid  glands  is  not  a  very  rare  occurrence, 
and  is  a  most  distressing  complication.  The  prognosis  is  fair. 
Applications  of  ice  are  most  comforting.  If  abscesses  form  they  must 
be  opened.  The  swelling  is  generally  bi-lateral.  Ichthyol  proves  of 
service  in  some  cases. 

Other  glands  may  inflame  and  suppurate.  The  subjects  generally 
have  had  severe  and  prolonged  attacks  of  yellow  fever  with  intestinal 
complications.  Pneumonia  is  a  most  grave  complication. 

Furunculosis  is  very  troublesome  during  convalescence,  and  several 
crops  of  boils  may  occur. 

Management  of  convalescence. 

Recovery  must  be  slow  and  the  patient  will  require  careful  treat¬ 
ment.  In  a  mild  case  nourishment  can  be  given  even  on  the  fourth 
day.  Milk  mixed  with  lime  water  or  Vichy,  or  toast-water,  rice  and 
barley-water  should  be  given  in  small  amounts,  and  if  well  retained 
the  amount  can  be  increased  by  degrees.  Chicken  jelly,  raw  eggs, 
and  fish  should  constitute  the  diet  of  the  patient  for  the  first  week  of 
convalescence.  In  severer  cases  great  care  is  necessary  to  avoid 
bringing  on  vomiting.  If  the  temperature  is  below  I02°F.  (38*9°  Q 
give  the  nourishment  in  small  quantities.  The  patient  must  not  be 
trusted  to  control  his  appetite  ;  he  is  ravenous  and  will  gorge  himself 
unless  prevented.  Fatal  relapses  are  usually  due  to  indiscretions  in 
iet.  As  long  as  the  pulse  is  slow  great  caution  must  be  exercised 
and  exertion  avoided. 

The  icterus  should  be  treated  by  sodium  sulphate  waters.  The 
•ucmeys  rapidly  regain  their  normal  state.  Convalescents  are  usually 
very  erotic.  They  should  be  warned  of  the  dangers  incurred  by  early 
intercourse,  while  their  heart  muscle  is  still  degenerated. 
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A  few  more  words  and  I  have  finished.  No  reference  has  been 
made  to  any  of  the  coal-tar  products.  I  do  not  use  them.  If  you  pin 
your  faith  to  these  antipyretics  you  are  only  creating  trouble  for  your 
patient.  The  older  and  the  newer  compounds  have  the  same 
depressing  action  in  yellow  fever. 

Educate  your  clients  never  to  neglect  a  case  of  yellow  fever.  Half 
the  battle  is  gained  if  the  patient  is  in  bed  and  under  treatment  within 
the  first  few  hours  of  the  onset.  I  cannot  do  better  than  give  you  the 
opinion  of  Touatre* ‘  At  the  onset  of  the  infection  the  patient  can 
be  succoured,  but  what  can  be  done  when  the  organism  is  poisoned, 
when  the  toxin  has  already  affected  the  hepatic  cells  and  the  renal 
parenchyma,  and  when  the  mucous  membranes  are  bleeding  ?  e 
physician  is  practically  disarmed,  for  such  lesions  are  nearly  always 
fatal.  It  is  during  the  first  days  of  the  disease  that  the  physician  mus 
act.  When  black  vomit  has  come  to  darken  the  situation,  we  can  ye 
save  some  patients,  but  are  much  better  prepared  to  prevent  the 
occurrence  of  black  vomit  than  to  cure  it.  The  first  and  most  :  m .  's 
pensable  thing  for  success  in  the  treatment  of  yellow  fever  is  that 
be  begun  as  soon  as  the  disease  has  declared  itself. 


*  Touatre,  Just. ;  Yellow  Fever.  New  Orleans,  1898- 
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(Plate  XI) 

Reference  has  already  been  made  in  this  report  to  the  general 
breeding-places' of  the  various  mosquitos  encountered  in  A  anao. , 
Brazil  (pp.  17-22).  Dr.  Thomas  has  also  published  a  short 
preliminary  note*  on  some  of  the  Culicidae  found  by  him  in  Iquitos, 
Peru;  no  details,  however,  are  given,  and  the  exact  identifications  ot 

the  species  at  that  period  were  not  ascertained. 

The  list  of  species  recorded  in  this  memoir  embraces  all  the 
commoner  kinds  and  a  few  that  are  new  or  noteworthy.  It  is  hig  y 
probable,  however,  that  oilier  mosquitos  await  the  discoverer  111  a 
region  so  rich  in  insect  life,  but  it  has  been  impossible  hitherto,  o 
to  pressure  of  official  work,  to  extend  the  researches  in  t  is  ep 
ment  of  Zoology  farther  afield. 

Cellia  argyrotarsis  (R.  Desvoidy),  fig-  2. 

This  is  undoubtedly  a  ‘  domestic  species,  occurr ing  spar’  g  > 
the  dwellings  of  man  near  the  swamps  both  in  the  'town  &  ■ 

environs.  It  is  much  less  common  than  its  near  ally  • a  * 

from  which  it  is  readily  distinguished  by  the  absence  o 
ring  around  the  base  of  the  terminal  segment  of  the  nnc  _ 


Lancet,  September  8,  tt.oo,  p.  668. 
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C cilia,  albtmana,  (Wiedemann) 

This  is  the  Anopheline  par  excellence  of  the  Amazon  region.  It  is 
characterised  by  the  presence  of  a  black  ring  at  the  base  of  the  last 
segment  of  the  otherwise  white  hind  tarsi.  It  is  also  a  decidedly 
‘domestic’  species,  and  is  both  intra-urban  and  extra-urban;  but  is 
naturally  most  abundant  in  the  swampy  regions.  It  bites  in  the 
day  time  as  well  as  at  night ;  but  is  rarely  met  with  in  the  houses 
until  after  sunset. 

It  is  the  common  practice  among  the  natives  of  Brazil  and  Peru  to 
sink  tubs  or  barrels  in  the  ground  at  or  near  the  margins  of  the 
swamps.  These  receptacles  fill  rapidly  with  clear  water  which  is  used 
for  drinking  and  washing  purposes,  and  eventually  become  the  chosen 
breeding  place  for  this  Anopheline.  This  habit  is  all  the  more 
remarkable  seeing  that  the  water  attains  a  depth  of  three  to  four  feet 
with  a  total  absence  of  the  higher  forms  of  aquatic  plants.  We  have 
also  to  record  the  capture  of  this  mosquito  at  Itacoatiara  and  Brevis 
on  the  Amazon  River,  East  of  Manaos  ;  and  at  Santo  Antonio  on  the 
Madeira  River  about  600  miles  S.W.  of  the  same  city. 

Stethomyia  nimba,  Theobald 

One  example  taken  at  Taruman  Waterfall  about  18  miles  N.W.  of 
Manaos,  July,  igo6.  Seen  also  in  the  swamp  near  Pensador.  This 
curious  Anopheline  has  hitherto  been  recorded  only  from  British 
Guiana  and  Para. 

Megarhinus  separalus ,  Arribalzaga 

Several  examples  of  this  handsome  mosquito  were  taken  at 
!  anaos’  Brazil>  during  the  month  of  Julv,  1906.  They  all  occurred 
in  a  reclaimed  portion  of  the  forest  surrounded  by  swamps.  These 

mosquitos  could  not  be  induced  to  feed  on  man  ;  and  the  larvae  were 
not  discoverable. 


j  antninosoma  musica ,  Say 

Two  specimens,  both  females,  were  captured  in  Dr.  Vigil’s  h 
c  quitos  Peru.  I  he  residence  was  surrounded  by  low  shrubs 
ar  rom  any  natural  collection  of  terrestrial  waters; 
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innumerable  puddles  and  road-side  gutters  were  near  at  hand,  so 
that  the  insects  may  in  all  probability  have  bred  in  some  of  these. 


Stegomyia  calo-pus,  (Meigen) 
Stegomyia  fasciata  (Fab.) 


This  mosquito  is  present  all  the  year  round  ;  there  seems  to  be  no 
marked  seasonal  prevalence.  As  already  stated  (ante,  p.  17),  the 
larvae  occur  everywhere,  in  any  receptacle  which  will  hold  water  for 
a  few  days.  Great  numbers,  however,  were  found  in  large  puddles 
in  the  open,  in  association  with  Anophelines  and  other  mosquito 
larvae,  although  there  were  houses  with  suitable  receptacles  within 
50  feet  of  these  habitats.  They  occurred  also  in  two  large  deep 
collections  of  terrestrial  water  averaging  3  feet  in  depth,  situate  at 
the  upper  reaches  of  two  Igarapes  within  the  limits  of  the  city  (No.  9 
on  map).  On  one  occasion,  swarms  of  larvae  were  found  in  a  barrel 
of  water  containing  the  macerated  and  putrid  remains  of  a  number  of 
frogs  upon  whose  carcases  they  seemed  to  have  been  thriv  ing. 

The  females  bite  freely  both  by  day  as  well  as  at  night,  though 
they  are  naturally  much  more  noticeable  in  the  day  time,  and  they 
are  most  persistent  in  following  man  from  place  to  place  whether  in 
sunlight  or  shadow. 

Being  desirous  of  confirming  the  experiment  conducted  by 
Mr.  Theobald*  regarding  the  viability  of  the  ova  of  this  mosquito 
after  long  exposure  to  dry  atmospheric  conditions,  two  small  consign¬ 
ments  of  eggs  were  forwarded  to  Liverpool  in  the  year  1906.  The 
first  batch  was  laid  on  moist  white  filter  paper;  these  were  drie  in 
the  air  and  subsequently  placed  in  a  desiccator  with  chlori  e  o 
calcium  for  24  hours,  and  finally  transmitted  to  England  in  glass  tu 
tightly  corked.  The  following  data  gives  the  results  of  this  experi¬ 


ment  : 


September  9-11. 
October  26. 


>.  28. 

3°- 

November  4. 
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Eggs  laid  at  Manfios,  Amazon.  ,  f  ..or 

,  cached  England.  Placed  in  water  a.  a  ten,pe 1  hoL 
12  larvae  batched  during  the  previous  night  and  alte 
immersion. 

Larvae  began  moulting. 

All  larvae  completed  first  moult. 

SCtale,  batched.  This  e^P.e  lived  for  6  days. 

A  male  and  female  hatched.  _ 


’  Mono.  Culitid.,  Vol.  Ill,  p.  b. 


The  breeding  jar  was  kept  in  an  incubator  at  an  even  temperature 
of  230  C.  For  the  greater  part  of  the  time  the  insects  were  in 
complete  darkness  ;  but  a  little  light  was  admitted  occasionally  during 
the  day. 


Summary 


Eggs  remained  dormant  and  practically  dry  45-47  days. 

Life-Cycle 


Eggs.  Incubation  period  ... 
Larval  stage... 

Pupal  stage  ... 

Complete  cycle  . 


6-12  hours 
g  days 
3  days 
12-13  days 


Culex  fatigans ,  Wiedmann 

Abundant  everywhere  in  the  towns  and  suburbs,  both  at  Iquitos, 
Peru;  and  at  Manaos,  Brazil.  It  breeds  in  large  numbers  in  almost 
any  collection  of  water,  but  the  larvae  were  less  common  in  the 
water  of  flooded  cellars  than  were  those  of  Mansonia  tiiillans. 


Mansonia  tit i linns,  (Walker) 

This  species  is  as  common  as  Stegomyia  calopus  in  Iquitos,  Peru. 
Its  breeding-places  are  confined  chiefly  to  the  pools  and  puddles 
scattered  throughout  the  town  ;  it  was  most  abundant,  however,  in 
pools  along  the  river  banks.  The  specimens  here  recorded  were  all 
captured  during  the  first  three  months  of  the  year  1906. 

Examples  of  the  adults  were  caught  attempting  to  bite  persons  in 
1  fluted  rooms  and  outside  in  shady  places,  especially  between 
e  lours  of  7  a.m.  and  9.30  a.m.,  and  again  in  the  early  afternoon, 
t  was  only  at  dusk  that  swarms  of  these  mosquitos  appeared, 
attacking  vertebrates  of  all  kinds.  On  board  the  ships,  alongside  the 
ue  e,  t  le  walls  of  the  cabins  were  at  times  black  with  them,  and 
ere  a  souice  of  great  discomfort,  boldly  attacking  everyone  and 

b_n?g  mOSt  V1C‘OUSly'  The  occupants  of  the  houses  along  the  river 
'  were  attacked  to  such  an  extent  that  the  residences  at  times 
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became  almost  untenable.  In  the  centre  of  the  town,  fortunately,  the 
nuisance  was  not  so  great,  due  chiefly  to  the  absence  of  breeding- 
places. 

In  Manaos,  it  is  found  in  the  suburbs  of  the  city  at  the  pumping- 
station,  and  in  the  neighbourhood  of  some  of  the  Igarapes.  It  was 
especially  troublesome  during  ‘high  river’  in  the  year  1908,  when 
many  of  the  cellars  of  the  houses  and  offices  situated  along  the  low- 
lying  land  by  the  river  front  were  filled  with  water.  This  Mansonia 
bred  in  the  collections  of  water  thus  formed  in  large  numbers,  but  the 
larvae  were  not  found  where  the  water  had  been  oiled.  The  nuisance 
caused  by  these  mosquitos  was  very  great,  and  it  was  almost 
impossible  to  have  even  the  early  meals — breakfast  and  lunch 
in  peace. 

Mansonia  pseudo t it il Ians,  Theobald 

One  example,  a  female,  agrees  for  the  most  part  with  the 
description  given  by  Theobald,*  and  is  apparently  referable  to  this 
species.  It  differs,  however,  in  having  a  few  short  clavate  lateral 
scales  on  the  wings ;  but  these  are  much  shorter  than  in  M.  titillans , 
and  very  few  of  them  are  present.  Unfortunately  the  anterior  tarsi 
are  wanting,  so  that  the  record  must,  for  the  present,  remain  a  some¬ 
what  doubtful  one. 

Habitat-. — Iquitos,  January  13th,  1906.  The  capture  was  made 
in  the  afternoon  on  board  the  SS.  ‘  Napo  ’  while  lying  alongside  the 
Muelle.  This  mosquito  has  not  hitherto  been  recorded  from  Peru. 

Mansonia  longipalpis,  n.  sp.  (Newstead  and  Thomas) 

(Plate  XI,  figs.  5,  5 d) 

Female.  Palpi  long  (fig.  5).  Thorax  clothed  with  golden 
ochreous  scales ;  posterior  region  black.  Abdomen  blackish  with 
lateral  patches  of  creamy- white  scales.  Legs  distinctly  speckled , 
hind  tibiae  white  with  a  black  band.  Wings  with  a  double  dense 
black  bar  at  base. 

Length. 4-4-5  mm.  I  ength  of  detached  wing  5  mm. 


'Mono.  Culicnl.,  Vol.  II.  p.  171. 
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Head  scales.  Upright  forked,  black ;  narrow  curved,  pale 
ochreous  with  golden  reflections ;  flat,  creamy  white. 

Palpi  (Plate  XI,  fig.  5).  A  little  more  than  one-third  the  length 
of  the  proboscis  ;  tips  clothed  with  white  scales  ;  the  remaining  scales 
mixed  creamy  white,  pale  ochreous  and  blackish. 

Proboscis  with  an  incomplete  central  band  of  creamy- white  scales; 
the  scales  on  the  ventral  surface  of  the  pale  area  black,  those  on  the 
remaining  portion  of  the  proboscis  blackish  with  pale  ochreous  ones 
intermixed. 

Thorax  with  golden  ochreous  scales  intermixed  with  a  few  black 
ones  in  front ;  those  over  the  insertion  of  the  wings  very  long  and 
whitish ;  region  in  front  of  the  scutellum  semi-nude,  blackish-brown 
with  a  well  defined  median  group  of  black  scales ;  pleurae  clothed 
with  flat  (some  almost  spindle-shaped)  creamy  white  scales. 

Abdomen.  Blackish  with  a  few  creamy-white  scales  at  the  base 
of  the  segments ;  and  lateral  sub-triangular  patches  of  creamy-white. 
Apical  margins  of  all  the  segments  with  a  fringe  of  very  long  golden 
brown  hairs. 


Li gs  black  or  brownish-black  ;  conspicuously  speckled  with  bright 


ochreous  yellow;  last  segment  of  the  anterior  tarsi  with  an 
inconspicuous  band  of  dull  ochreous;  mid  tarsi-,  apex  of  2nd,  basal 
two  thirds  and  apex  of  third,  and  the  whole  of  the  4th  and  5^ 
ochreous  white  ;  hind  tarsi :  apex  of  2nd,  the  whole  of  the  3rd ;  base 
and  apex  of  the  4th  and  the  whole  of  the  5th  ochreous  white. 

lnTs  densely  clothed  with  blackish  and  creamy  white  scales, 

.  °ymer  Predominating ;  base  of  costa,  sub-costa,  and  first  longi¬ 
tudinal  vein,  black.  Fringe  smnl™.™,,  ^ 


neighbourhood  of  Manaos.  They  were  all  taken  between  the  hours 
of  5  and  5.30  p.m.  during  the  month  of  August,  1906  and  1907. 

Uranotacnia  geomelrica,  Theobald 
(Plate  XI,  fig.  3) 

This  very  handsome  mosquito  was  commonly  found  in  the 
neighbourhood  of  swamps  and  large  puddles  within  the  city  of 
Manaos  and  also  in  its  environs.  It  was  usually  associated  with 
Culex  faligans,  Ccllia  albipes,  and  occasionally  with  Stegomyia 
calopus.  At  Iquitos,  Peru,  it  was  also  common  in  the  swamps  near 
the  villages  of  San  Juan  and  San  Miguel. 

The  majority  of  the  specimens  were  captured  out  of  doors  ;  but  it 
occurred,  not  infrequently,  in  dwelling-houses  and  also  in  the  Hospital 
da  Portugueza  Beneficente,  Manaos.  For  details  regarding  the  distri¬ 
bution  of  this  mosquito  in  the  latter  locality,  see  map  opposite  p.  54. 

Goeldi  in  his  delightful  memoir*  makes  no  reference  to  this  insect. 
The  type,  however,  was  caught  by  Dr.  Lutz  at  Cubatao,  near  Santos, 
Brazil.  Dr.  Lindenbergt  also  records  this  species  from  Manaos  ;  but 
there  is  apparently  no  previous  reference  to  its  occurrence  at  Iquitos, 
Peru. 

Uranotaenia  pulcherrima ,  Arribalzaga 

This  beautilul  little  species  occurs  freely  at  the  swamps  along  the 
Igarape  Castelhana,  especially  so  in  the  one  by  the  old  cemetery, 
Manaos.  The  locality  is  a  new  and  hitherto  unrecorded  one. 

U rano/acnia  lowii,  Theobald 

Habitat : — Flores  and  Pensador  swamps,  near  Manaos.  It  occurs 
also  within  the  limits  of  the  city  at  the  Cearense  swamp  and  near  the 
Power  House  of  the  Electric  Tram  system.  Specimens  were 
captured  during  the  months 'of  July  and  August,  1906,  1907. 

Heomelan  icon  ion  chrysoihorax ,  n.  sp.,  (Newstead  and  Thomas) 

Anterior  half  of  thorax  densely  clothed  with  golden  scales. 
Abdomen  brown  to  brownish  black  with  pale  fringes.  Legs  bronzy 
brown  or  smoky  brown  (in  subdued  light) ;  femora  paler  but  black 
apically  on  the  dorsal  surface.  _ 


*  Os  Mosquitos  no  Pari, 
t  Mosquitos  do  Brazil. 


Female.  Head  scales  :  Upright  forked  ones  pale  ochreous  to  pale 
golden  yellow  in  front,  those  on  the  nape  black ;  flat  scales  pale 
ochreous,  those  on  the  lower  portion  of  the  head  dusky  white. 

Thorax  dark  brown,  clothed  to  a  point  near  the  insertion  of  the 
wings  with  large  narrow  curved  golden  bronzy  scales.  Posterior 
portion,  with  a  narrow  median  black  line  and  a  central  patch  of  minute 
narrow  scales  on  the  otherwise  bare  integument ;  posterior  angles  of 
meso-thorax  with  numerous  long  hairs ;  and  there  are  many  similar 
hairs  on  the  scutellum. 

Abdomen.  Scales  dark  and  pale  brown,  presenting  a  faintly 
freckled  appearance  under  the  microscope,  the  dark  scales  prepon¬ 
derating,  apical  margins  with  pale  ochreous  scales,  giving  the 
segments  under  a  low  magnification  a  faintly  banded  appearance,  but 
t  is  characteristic  disappears  under  a  higher  magnification.  Apical 
marginal  hairs,  whitish  ;  sides,  with  lateral  pale  angular  basal  spots. 
Venter  with  distinct  broad  pale  apical  bands. 

Legs  coPPery  brown  ;  femora  whitish  beneath. 

Wmgs  strongly  hyaline,  scales  uniformly  pale  brown.  Length 
2-2-25  mm. 


T  •  C1°Sely  resembling  the  female  ;  but  the  thoracic  scales  are 

g  t  y  righter  01  more  golden,  and  the  apical  bands  on  the  abdomen 
are  also  more  distinct. 


f  . ,  .  a  quitos;  Peru-  Several  specimens  caught  in  the  cent 

•  rG  °Wn’  ^  'Vlt,lin  250  yards  of  swamps;  February  and  Man 
old  P  xamP  es  were  also  taken  in  the  suburbs  of  Manaos  at  t 
the  pmrS  Statlon :  at  Flores.  Pensador ;  and  at  the  swamp  ne 

appear  thUfr  H°SP'ta'’  Ju"e  “d  ^  '*** 9°7 -  F  ™ 
JuIy  aL  ere  °re'  *at  thls  Insect  may  be  met  with  from  February 

One  f  h  Pr°babilit^  at  oth«  seasons  also, 
line  of  riem  marhed  CbaraCter'stlcs  °f  this  mosquito  is  the  suddi 
thethLt  anU‘°n,betWeen  the  g°Iden  ***  the  anterio,  half- 
wings.  '  he  dark  sem,-nude  Portion  behind  the  insertion  of  tl 


Limatus  durhami,  Theobald 

Peru  °fTth‘S  "  ^  marked  species  was  taken  at  Iquitos, 

margin  of  the  v  ;  °ccurred  ln  a  dwelling-house  situate  at  the 
the  very  extensive  swamps  in  the  neighbourhood  of  the 
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Xoria  ’  Spring.  It  is  noteworthy  that  the  specimen  in  question  was 
caught  while  biting  its  captor ;  and  that  there  were  no  wild-pines 
(Bromiliacea)  anywhere  in  the  neighbourhood.  This  record  is  an 
interesting  one,  as  it  is  a  new  addition  to  the  Culicid  Fauna  of  this 
region. 

TABANIDAE 

We  add  here  the  records  of  the  capture  of  two  species  of 
Tabanidae.  No  efforts  were  made  to  collect  these  insects,  as  they 
require  searching  for  in  localities  beyond  the  limits  of  the  districts  in 
which  the  work  of  the  expedition  was  conducted. 

Erephopsis  brevistria ,  Lutz 

Two  examples,  both  females,  were  captured  near  Manaos  at  the 
Taruman  Waterfall,  25.VI.06.  They  agree  best  with  the  description 
given  by  Lutz ;  *  but  the  examples  are  rather  ‘  worn,’  so  that  it  is 
somewhat  difficult  to  fix  all  the  specific  details. 

Lepidoselaga  lepidota ,  (Wiedemann) 

This  common  and  widely  distributed  species  is  abundant  in  all 
suitable  places  between  Manaos  and  Iquitos,  coming  on  board  the 
vessels  in  the  river  between  these  two  places.  It  is  a  very  striking 
insect,  and  owing  to  the  sudden  line  of  demarcation  of  the  black  wing 
markings  it  is  known  generally  to  Europeans  as  the  ‘  short  jacket  . 
In  the  immediate  neighbourhood  of  Manaos  it  is  commonest  during 
the  dry  season,  May  to  December,  and  is  a  persistent  and  vicious 
biter. 


Tabaniden  ilraziliens.  Zook  Jahr.  Supp.  X.,  1909,  p.  643. 


EXPLANATION  OF  PLATE  XI. 

I-  Stegomyia  calopus.  The  carrier  of  Yellow  Fever,  x  10, 
and  natural  size,  about.  (Page  143.) 

Fig.  2. — Cellia  argyrotarsus.  x  10,  and  natural  size,  about. 
(Page  1 4 1.) 

3-  Uranotaenia  geometrica.  x  io,  and  natural  size,  about. 
(Page  147.) 

Fig.  4. — Head  of  Mansonia  titillans.  x  10.  (Page  144.) 

Fig.  4*7.  Wing  scales  of  Mansonia  titillans.  Magnified.  (Page  144  ) 

^ea<^  °f  Mansonia  longipalpis,  n.  sp.  x  10.  (Page  144- 

Fig.  5a.  Wing  scales  of  Mansonia  longipalpis.  Magnified- 

(Page  145.) 


Plate  Xt 


-AN  ATI  ON  OF  PLATE  XL 

*  M  c opus.  The  carrier  of  Yellow  Fewer, 
natural  size,  about.  (Page  143.) 

K  *hia  argyrotarsus.  x  10,  and  natural  size,  iboi 

(Page  1 4 1.) 

•k  3-  -  L  ratio  taenia  gi.  met  r  tea.  x  10,  and  natural  me, 
(Page  J47.) 

*  4.  Head  ol  M-msonia  t iiilLans .  x  jo.  (Page  /  - 

l  '*'  4/ '  V'  !  •  •tlrs  of  Mansonia  titillans.  Magnified.  (P-4; 

f  isonia  on  gi pal  pis,  n.  ;o.  x  1  .  (F»ge 
••"‘.s  of  Mansonia  Ion  gi  pal  pis.  Mag-- if f 
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Plates  XII-XV 

Outpatient  practice  among  the  poorer  classes  in  Egypt  includes 
a  variety  of  conditions  not  described  in  the  English  textbooks. 
One  of  these  has  presented  itself  with  sufficient  frequency  to  induce 
us  to  try  and  investigate  it.  It  consists  essentially  of  a  chronic 
elevated  patch  or  warty  growth  in  the  skin,  sharply  localised,  and 
unaccompanied  by  other  symptoms.  Most  of  the  cases  we  have  so 
far  seen  have  been  structurally  papillomata,  others  have  consisted 
of  flat  skin-covered  granulomata.  We  have  described  them  as 
warty  and  flat  forms  respectively,  and  in  both  we  have 
occasionally  found  ‘bodies’  of  the  same  class  as  those  described 
in  Oriental  sore.  Clinically,  however,  these  cases  differ  widely 
from  the  usual  description  of  that  condition,  and  we  do  not  think 
they  can  be  classed  under  that  name  as  it  is  used  at  present. 

Taking  these  two  forms  of  the  disease  together,  we  have,  so 
far,  investigated  clinically  and  pathologically  ten  cases  of  the 
nature  of  which  we  feel  tolerably  certain.  Besides  these,  we  have 
observed  a  number  of  similar  ones  in  which  some  doubt  existed, 
or  of  which  full  notes  have  not  been  kept.  In  addition  to  these, 
Professor  Bitter  and  Dr.  Dreyer,  Bacteriologist  and  Assistant 
Bacteriologist  respectively  to  the  Egyptian  Government,  have  eac 
met  with  a  case  of  a  similar  nature,  in  which  the  parasite  was 
found.  They  have  kindly  permitted  us  to  append  their  notes  o 
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these  cases  to  the  present  paper.  Wc  desire  further  to  acknowledge 
our  indebtedness  to  Professor  Bitter  for  allowing  us  to  reproduce 
his  excellent  micro-photographs  of  the  parasites  seen  in  PI.  XIV, 
figs.  II,  12,  13. 


1  here  is  no  doubt  that  this  condition  was  equally  common  in 
the  past,  and  the  diagnoses  show  that  there  was  less  difficulty  in 
distinguishing  it  from  other  diseases  than  in  finding  a  suitable 
name  for  it.  Among  the  names  previously  employed  by  various 
English  and  Egyptian  members  of  the  staff,  we  find  ‘  papilliferous 
degeneration  of  skin’;  ‘chronic  benign  papilloma’;  ‘pseudo¬ 
epithelioma’;  ‘false  elephantiasis’;  ‘hypertrophic  dermatitis'; 
‘lupus  erythematosus  exanthematosus ’ ;  ‘granuloma  of  foot’; 
‘partial  ichthyosis’;  ‘parasitic  growth’;  ‘fungous  growth'; 
‘  fungating  granuloma.’ 


Cases  bearing  these  very  varied  titles  seem,  as  far  as  we  can 
gather  from  reports,  and  in  some  cases  observation,  to  have 
belonged  to  the  class  described  above.  These  names  are  interesting 
as  showing  the  clinical  features  which  struck  a  number  of  different 
observers  in  individual  cases. 

Incidence.  In  the  ten  cases  we  have  selected,  the  age  of  the 
patients  varied  from  eighteen  to  sixty,  with  an  average  of  thirty; 
they  weie  all  males,  and  with  the  exception  of  two  students,  all 
fellaheen.  Five  of  them  were  affected  on  the  forearm  or  hand, 
four  on  the  legs  or  feet,  one  on  the  face.  Half  of  them  had  single 


lesions,  half  multiple.  The  duration  of  the  disease  varied  fro 

six  weeks  to  ten  years;  excluding  the  last  figure  they  averaged  s: 
months. 

Consequently,  as  far  as  we  can  conclude  from  so  few  cases,  tl 
disease,  as  we  meet  with  it,  is  one  affecting  male  fellaheen  at  an 
time  in  their  adult  working  life,  it  may  be  single  or  multiple,  an 
it  affects  the  arms  and  legs  about  equally:  the  patients  usual! 
apply  for  relief  about  six  months  after  the  disease  has  begun. 

We  have  never  obtained  any  history  of  similar  cases  in  the  san 
ylla^e  from  which  infection  might  have  been  acquired.  XV  hci 
infection  is  multiple,  the  lesions  are  usually  near  one  anothe 
his  may  be  due  to  simultaneous  infection," but  more  probably 
especially  where  there  is  an  interval  of  time  between  them,  t 
auto-inoculation  from  scratching. 


k 
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The  chronicity  of  the  condition  is  sufficiently  well  shown  by  the 
histories.  The  rate  of  progress  varies  a  good  deal  in  different 
cases,  but  is  slow  in  all;  the  channel  of  infection  is  probably 
through  the  skin,  for  it  appears  almost  exclusively  on  uncovered 
parts,  i.e.,  the  limbs  and  face  rather  than  the  trunk. 

As  regards  the  constitutional  condition  of  the  patients,  they 
none  of  them  gave  any  constant  or  important  medical  history,  and 
their  general  health  was  clearly  unaffected.  In  those  cases  in 
which  we  examined  for  enlargement  of  liver  or  spleen,  it  was  absent. 


I.  WARTY  FORM 

These  masses  begin  as  small  painless  tubercles  and  may 
gradually  attain  a  diameter  of  three  or  four  inches.  The  skin 
round  their  edge  is  usually  healthy,  but  it  may  be  reddened  from 
sepsis,  or  show  a  definite  areola  marked  by  loss  or  increase  of 
pigment.  They  have  a  very  definite,  raised,  even  overhanging 
edge,  and  may  rise  nearly  an  inch  abruptly  from  the  level  of  the 
surrounding  skin.  The  surface  of  the  growth,  by  the  time  it  is 
seen,  is  often  ulcerated  in  whole  or  part,  but  typically  is  covered 
by  hard  whitish  epithelium,  and  presents  a  warty  cauliflower-like 
appearance.  It  is  intersected  by  clefts  lined  with  foul  decomposing 
epidermis;  indeed,  where  bacterial  infection  has  occurred,  it  is 
possible  to  express  masses  of  dead  epithelium  with  pus  from 
numerous  apertures  under  the  overhanging  edge.  In  places  where 
movement  naturally  takes  place,  as  on  the  front  of  the  ankle, 
some  of  these  clefts  deepen  and  appear  as  transverse  fissures  which 
extend  through  the  skin  and  give  rise  to  pain  on  movement.  With 
this  exception,  the  disease  appears  to  be  painless.  1  here  is 
occasionally  some  local  oedema  and  enlargement  of  lymphatic 
glands,  but  these  depend  on  secondary  sepsis  and  ate  not  an 
essential  part  of  the  disease. 

Most  of  these  growths  become  septic  in  course  of  time,  and  ful 
of  mixed  infection.  Most  of  their  offensive  smell  and  fou 
appearance  is  due,  however,  to  decomposition  of  epithelial  masses 
on  the  surface  and  in  the  clefts,  outside  the  substance  o 
growths  altogether.  If  they  could  be  kept  clean,  which  of  course 
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they  never  are,  they  would  probably  show  a  firm  white  mammillated 
surface,  like  the  head  of  a  raw  cauliflower,  to  sight  and  touch. 

A  very  striking  feature,  and  one  that  marks  them  off  at  once 
from  malignant  growths,  is  the  way  in  which  they  are  confined  to 
the  skin,  and  hardly  ever  affect  even  the  most  superficial  tendons. 
An  extensive  growth  on  the  dorsum  of  the  foot  scarcely  affected 
the  movement  of  the  extensors  of  the  toes.  And  it  is  quite  easy, 
after  running  an  incision  round  them,  to  strip  them  like  a  scalp 
off  the  deep  fascia,  leaving  a  smooth  surface  on  which  grafts  take 
readily. 

An  exception  to  this  was  Case  VIII,  in  which  the  growth 
situated  on  the  inner  side  of  the  elbow,  had  enveloped  the  ulnar 
nerve  and  invaded  the  internal  condyle  for  a  short  distance.  But 
tins  growth  had  been  present  for  ten  years,  and  the  ulnar  nerve, 
which  ran  through  it  much  as  the  spinal  accessory  runs  through 
tubercular  glands,  was  easily  freed,  and  covered  with  a  skin 
graft.  It.  retained  its  motor  and  sensory  functions  unimpaired. 
L  he  fact  that  the  growth  could  completely  surround  a  nerve  for  a 
distance  of  some  two  inches  for  a  period  of  several  years,  and  leave 
it  functionally  active  and  sufficiently-'  well  nourished  to  take  a  skin 
giaft  on  its  surface,  is  very  good  evidence  of  its  sharp  limitation 
and  innocent  character. 


II.  FLAT  FORM 

So  far  we  have  only  seen  two  instances  of  this  variety  as  against 
ei*  it  of  the  preceding.  I  hey  both  occurred  in  students  of  the 
ng  ler  schools,  one  on  the  face  and  one  on  the  forearm,  and  had 
oeen  present  for  four  and  twelve  months  respectively. 
ppearancc  they  were  flat  pink  patches,  raised  one  or  two 
mi  imetres  above  the  surrounding  healthy  skin,  covered  with  thin 
epi  emus,  sharply  limited,  painless,  soft^  and  freely  moveable  on 
the  deeper  structures. 

I  heir  essential  identity  with  the  preceding  form  is  suggested 

.  ^  cor,tained  similar  intracellular  parasites.  It 

is  possi  e  that  the  apparent  differences  are  due  to  external  causes. 

t  ese  cases  were  in  men  of  the  educated  class,  who  kept  the 
growths  clean  and  protected  from  irritation.  It  is  possible  that,  if 


1 5  5 


they  had  been  situated  on  the  bare  and  dirty  limbs  of  fellaheen, 
exposed  to  constant  friction  and  bacterial  invasion,  they  might 
have  shown  the  same  proliferative  changes  which  are  so  marked  in 
the  papillomatous  form. 

The  two  cases  recently  described  by  Balfour*  fall  into  this 
class,  in  which,  in  our  experience,  the  parasites  are  present  in  much 
larger  numbers. 

Treatment.  A  very  large  variety  of  lotions  and  ointments 
have  been  used  for  these  growths.  1  hey  seem  to  have  no  effect, 
beyond  slightly  diminishing  the  sepsis. 

In  one  case  a  determined  attempt  was  made  to  treat  a  large 
patch  by  ionization  with  iodine.  Lnder  this  treatment  there  %\as 
distinct  improvement  up  to  a  certain  point,  and  the  size  of  the 
growth  was  measurably  lessened ;  but  after  six  weeks  there  was  not 
enough  change  to  make  it  worth  while  continuing. 

For  fellaheen  especially — who  cannot  aftord  to  spend  a  long 
time  in  hospital— the  only  treatment  worth  considering  is  that  of 
excision  of  the  whole  mass,  followed  by  immediate  skin  grafting. 
The  growths  can  be  readily  stripped  off  the  underlying  fascia,  and 
in  spite  of  the  sepsis  usually  present,  grafts  take  fairly  well.  A 
good  example  of  this  is  shown  in  PI.  XIII,  fig.  b  (Case  V  UN¬ 


CASES 

Case  I.  PI.  XII,  figs,  i,  2.  Man  aged  eighteen,  admitted 
January  21,  1907,  under  Mr.  Richards.  Six  weeks  ago  lie  ha 
swelling  of  both  legs;  a  few  days  later  small  red  patches  appeared, 
which  increased  in  size  and  turned  brown. 

On  admission  there  is  a  brown  circular  raised  patch,  three  inc  les 
across,  divided  by  irregular  furrows  containing  a  yellowish-brown 
secretion,  situated  in  front  of  the  ankle  and  extending  back  past 
the  external  malleolus.  A  similar  one  on  the  internal  malleolus  o 
the  right  leg,  and  a  smaller  one  above  it.  Two  more  on  the  dorsum 
of  the  left  foot.  The  patches  have  a  foul  smell,  and  are  surroun 
V  an  inflamed  area.  There  is  a  little  oedema  of  both  feet. 

*  ‘Tians.  Soc.  Trop  Med.  and  Hyg.,»  Vol.  III.  No.  3.  P*  lo'-  Jani,ar-V’  I9I°' 


«56 


The  feet  were  cleaned,  and  various  patches  were  treated  with 
salicylic,  boric,  and  yellow  oxide  of  mercury  ointment  respectively. 
Potassium  iodide  was  given  internally. 

After  twelve  days  in  hospital  there  was  no  improvement,  and 
he  was  discharged  at  his  own  request,  unrelieved. 


Pathological  Report  (A.R.F.) 


Great  overgrowth  of  epithelium,  with  a  cellular  and  vascular 
granulation  tissue,  pushing  its  way  upwards  through  and  between 
the  greatly  hypertrophied  papillae.  No  purulent  process  or 
appearance  suggestive  of  Madura  foot.  It  may  be  a  simple  chronic 
wart,  but  the  character  of  the  infiltrating  tissue  beneath  reminds 
one  of  a  specific  infiltration. 

Case  II.  PI.  XIII,  fig.  6.  Man  aged  thirty,  admitted  August 
4)  X9°S>  under  Mr.  Richards.  Four  months  ago  a  small  painless 
papule,  without  discharge,  appeared  on  the  outer  malleolus  of  the 
left  leg,  and  increased  in  size. 


I  he  mass  is  the  size  of  an  egg,  oval,  raised  above  the  surface, 
hard,  papillomatous.  The  small  papillae  are  of  a  purplish  colour, 
and  between  them  the  surface  is  covered  by  yellowish  crusts.  It 
is  sensitive  to  touch,  but  not  painful,  even  on  pressure. 

Similar  smaller  growths  occur  on  the  chest  and  the  right  second 
toe,  dating  two  and  four  months  respectively. 

It  was  tieated  for  18  days  with  liniment  and  tincture  of  iodine, 
and  showed  great  improvement,  but  did  not  disappear.  The 
patient  then  left  hospital  at  his  own  request. 

Case  III.  PI.  XII,  figs.  3,4.  A  man  aged  twenty-five,  admitted 

April  23,  1908,  under  Dr.  Phillips,  transferred  to  Mr.  Richards 
April  29. 

Ten  months  ago  he  noticed  rough,  red,  warty,  painless  masses 
appearing  m  front  of  right  ankle  and  on  dorsum  of  left  foot.  As 
t  iey  grew  older  they  became  white  and  encrusted.  Four  mofith> 
ater  t  ey  began  to  be  painful.  No  similar  case  in  the  district. 

l^il  f°ot-  square  papillomatous  mass  12  x  11  cm.  raised 
2  cm  from  the  surface,  over  the  front  of  the  ankle  joint.  It  is  divided 

f  11  \  ree.  f  'r  ^  transverse  clefts  extending  right  through  it,  3110 
filled  with  foul-smelling  epithelium.  The  surface  is  covered  witb 
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epidermis,  and  has  a  low-set  warty  cauliflower  appearance.  There 
is  no  ulceration.  It  is  surrounded  by  a  margin  1-3  cm.  broad,  in 
which  the  skin  is  raised,  smooth  and  glistening  with  some  loss  of 
pigmentation. 

A  similar  oval  patch  7  x  3  cm.  is  found  over  and  behind  the 
external  malleolus.  Movement  of  tendons  unaffected. 

Left  foot.  A  similar  patch,  12  x  ;>  cm.,  covering  base  of  four 
inner  toes  and  adjacent  dorsum.  Another  over  tendo  Achillis, 
6  x  4I  cm.,  its  lower  margin  level  with  malleoli.  This  has  no  cracks. 
Enlarged  glands  in  groin  on  both  sides. 


Pathological  Note  (A.R.F.) 

A  case,  in  my  opinion,  of  the  same  parasitic  nature  as  the  two 
others  (I,  II).  The  parasite  may  be:— a,  a  pathogenic  yeast;  b ,  a 
mycelial  fungus,  Botryomycosis. 

Treatment.  All  the  growth  was  stripped  off  the  right  foot 
leaving  a  smooth  grey  surface,  which  was  painted  with  iodine,  an 
afterwards  skin-grafted.  It  healed  well,  but  in  July  small  warty 
indurations  began  to  form  in  the  scar,  suggesting  recurrence. 

The  left  foot  was  treated  by  ionization  with  iodine.  It  decreased 
in  circumference  from  27  to  25 J  cm.,  became  painless  an 
movements  of  the  toes  quite  free.  It  then  remained  stationary. 

He  was  discharged  at  his  own  request,  July  1 1  • 

Case  IV.  PI.  XIII,  fig-  5-  A  man  of  38>  admitted  Apn  24, 
1909,  under  Dr.  Day  for  cirrhosis  and  ascites. 

On  the  right  hand  is  a  growth  extending  over  the  metacarpals  of 
the  first  three  fingers,  with  a  raised  border.  I  he  lesion  was  o  a 
year’s  duration.  It  presented  itself  as  a  circular  area  with  a  lirm, 
raised  edge,  which  was  rounded,  covered  with  skin  and  painless 
Manipulation  of  the  lesion  was  freely  permitted,  althoug  ^ema 
said  that  it  sometimes  pained  him  at  nights.  e  .  , 

ulceration  to  speak  of.  The  centre  consisted  of  a  thin,  wr 
cicatrix,  said  to  be  due  to  cauterization.  1  he  lesion  ha  com 
centrally,  and  extension  had  since  been  going  on  at  t  , 

Naked-eye  section  of  the  margin  showed  it  to  be  composed  of  a 
solid  white  mass  of  epithelium,  the  processes  o  w 
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downwards  in  parallel  fashion  towards  a  very  definite  lower 
boundary. 


Pathological  Report. 

Repeated  search  in  films  failed  to  show  Leishman- Wright 
parasites.  Bacteria  were  not  infrequently  met  with.  They  were 
diplococci,  very  like  pneumococci,  and  some  short  bacilli. 
Histologically  it  was  a  sore  of  papillomatous  type. 

Case  I  .  A  man  aged  21.  Admitted  on  March  17,  1909,  under 
Mr.  Richards.  No  venereal  history  in  self  or  family;  no  similar 
growths  in  the  village;  has  inquired  from  everyone. 

I  he  present  masses  appeared  six  months  ago,  and  have  been 
painful  enough  to  prevent  his  working  for  the  last  three  months. 

On  the  left  foot  is  a  patch,  three  inches  by  two,  on  the  outer 
side  of  the  front  of  the  ankle,  raised  a  quarter  of  an  inch  from 
the  surface,  partly  skin-covered,  partly  granulomatous,  surface  like 

a  cauliflower,  definite  sinuous  raised  edge  surrounded  by  healthy 
skin. 

A  second  similar  patch,  four  inches  by  twro,  rising  abruptly 
half  an  inch  from  healthy  skin,  starts  at  the  front  border  of  the 
tibia,  and  goes  round  past  the  tendo  Achillis.  The  edge  of  the 
growth  overlaps  the  surrounding  skin.  Both  masses  have  yellow 
scabs  adherent  to  their  surface  in  places,  and  smell  foul.  Inguinal 
gands  enlarged,  foot  and  leg  oedematous.  The  growths  were 
do,T  ^  ^r'  Bey  Ibrahim,  and  immediate  skin-grafting 

Patient  discharged  cured  soon  afterwards. 


Pathological  Report  (A.R.F.) 

Deneh-ati  SSUC  *S  essentially  of  papillomatous  structure,  the 
zone  of  ^  TV*'  C°Iumns  Passing  into  an  almost  continuous 
Qv  m/1  CC  ec^  infiltration.  On  careful  examination,  this 

Giemsa’s  civ  m°nonucIear  ln  character.  In  films  treated  by 
resend  1  *n’  ai^°  numbers  of  bodies  having  the  closest 

resemblance  to  the  parasite  of  Kala-Azar  (Z.  Sonovam)  but 
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doubtless  of  the  species  L.  tropica  are  found,  both  free  and  in  the 
interior  of  large  mononuclear  phagocytes. 

Case  VI.  A  man  aged  60,  admitted  August  23,  1909.  A  year 
ago  a  swelling  appeared  on  the  forearm,  near  the  wrist,  and  four 
months  ago  a  smaller  one  came  higher  up. 

Two  rough  raised  patches  with  thick  everted  edges,  covered 
with  scabs,  and  containing  maggots.  They  were  excised,  and  he 
was  discharged  cured. 


Pathological  Report. 

No  Leishman-Wright  parasites  found  in  scrapings.  A  good 
deal  of  mixed  bacterial  invasion,  which  may  account  for  their 
absence.  I  have  no  doubt  the  growth  is  a  parasitic  papilloma. 

Case  VII.  A  man  aged  26,  admitted  March  31,  1909,  under 
Mr.  Richards.  Nine  months  ago  a  number  of  small  red  lumps 
appeared  near  one  another  on  the  inside  of  the  middle  of  the  left 
forearm. 

The  growth  is  superficial,  does  not  affect  movements.  Its  edge 
and  part  of  its  surface  arc  covered  with  skin.  1  reated  by  excision 
and  grafting,  and  discharged  cured  April  24. 

Pathological  Report. 

Search  for  parasites,  so  far,  negative.  A  rich  secondary 
microbial  infection,  which  adds  to  the  difficulty  of  the  search.  1  he 
margins  are  diffusely  infiltrated  with  pus. 

Second  Report.  Prolonged  examination  revealed  the  presence, 
in  the  films,  of  the  same  parasite  ( Leishmania  tropica )  as  was 
discovered  in  a  preceding  case  (No.  V),  but  in  very  scanty  numbers. 
These  were  only  found  free  amongst  the  bacteria  of  secondary 
invasion.  Although  their  form  was  identical  with  that  of  those 
previously  found,  the  staining  of  their  cytoplasm,  and  in  particu 
that  of  their  larger  chromatin  masses  was  defective. 

Case  VIII.  PI.  XIII,  figs.  8.  A  man  aged  45.  admitte 
October  27,  1909,  under  Mr.  Richards.  His  trouble  began 
small  boil  ten  years  ago,  and  has  increased  since.  No 
No  similar  cases  in  the  village. 


1 6o 


The  right  arm  is  occupied  from  the  elbow  to  half-way  up  the 
humerus,  and  over  the  inner  and  front  half  of  its  circumference 
by  a  swelling,  rising  with  an  abrupt  and  overhanging  edge  from 
the  skin  to  a  height  of  i  J  to  2  cin.  The  skin  immediately  round 
the  edge  has  a  dark  pigmentation  about  2  cm.  broad,  but  is 
otherwise  healthy.  I'he  surface  of  the  growth  is  mammillated,  with 
ulcerated  patches  where  the  skin  has  worn  off  the  tops  of  the 
projections,  and  divided  by  skin-lined  cracks  containing  a  foul 
fluid.  I  he  upper  part  moves  freely  on  the  deep  tissues,  the  lower 
is  anchored  to  the  condyle.  I'he  arm  is  fixed  at  an  angle  of  85°, 
with  scarcely  any  flexion  or  extension,  but  pronation  and  supination 
arc  ircc.  No  glands  in  the  axilla.  At  the  operation  the  upper  part 
of  the  growth  peeled  easily  from  the  deep  fascia,  lower  down  it 
surrounded,  without  invading  the  ulnar  nerve,  and  involved  the  bone 
just  above  the  internal  condyle.  This  area — the  only  one  where 
there  was  any  deep  invasion — was  scraped  out  and  packed  with 
sulphur;  the  remaining  surface  was  grafted;  and  in  spite  of  the 
filthy  condition  of  the  arm,  most  of  the  grafts  took  well.  The 
ulnar  nerve,  which  lay  bare  and  isolated  beneath  the  grafts, 
preserved  all  its  motor  and  sensory  functions.  He  was  discharged 
with  a  small  sinus  leading  to  the  bone. 


Pathological  Report  (A.R.F.) 

Microscopical  search  in  films,  treated  with  Giemsa’s  stain, 
shewed  no  Leishtnania  tropica.  Very  numerous  bacteria,  diplococci, 
short  streptococci,  and  an  undetermined  species  of  bacillus,  were 
present.  1  hese,  when  present  in  large  numbers,  seem  to  determine 
the  disappearance  of  the  parasite. 

Case  IX.  PI.  XV,  fig.  9.  A  third  year  medical  student, 
crcssinto  fen  Mi.  Richards,  complained  of  two  patches,  one  on  hi5 
orearm,  the  other  on  his  wrist,  slightly  elevated,  flat,  soft,  pinkish, 
s  an -covered,  sharply  limited,  and  freely  movable.  They  had  been 

present  about  a  year.  They  were  both  excised  under  cocaine- 
adrenalin  anaesthesia. 
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Pathological  Report  (A.R.F.) 

The  skin  over  the  central  portion  of  the  lesion  shows  only  slight 
thickening.  There  is  beneath  a  dense,  almost  homogeneous 
mononuclear  cell-infiltration ;  in  two  places,  degenerated  foci  occur, 
in  which  numerous  remains  of  cell  nuclei  are  visible,  but  no  bacteiia. 
Films  were  not  made  from  this  case,  but  the  characteristic  parasite 
was  found  in  sections,  though  not  plentifully,  in  the  laiger 
mononuclear  cells  of  the  subcutaneous  infiltration. 

Case  X.  A  student  of  the  School  of  Law  was  admitted  under 
Mr.  Richards,  with  a  patch  on  the  cheek  immediately  below  the 
left  eyelid,  measuring  one  inch  by  five-eighths.  Flat,  soft,  pink, 
smooth  surface,  covered  by  thin  unbroken  skin.  The  skin  around 
was  quite  healthy.  It  had  been  present  for  the  last  four  months, 
and  had  gradually  increased  in  size. 

It  was  excised  by  Dr.  Aly  Bey  Ibrahim. 


Pathological  Report  (A.R.F.) 

The  specimen,  as  received,  was  incised  by  parallel  sections,  and 
placed  in  Formol-methyl-alcohol ;  microscopical  sections  being 
stained  with  Haem-alum  and  Eosin  and  also  by  Giemsa. 

The  skin  over  the  lesion  was  much  reduced  in  thickness,  te 
majority  of  the  Malpighian  papillae  having  disappeared.  1  ie 
roots  of  hairs  and  sweat  glands  had  also  laigcly  disappeare 
an  exceedingly  dense  cell-infiltration,  which  penetrated  the 
for  some  distance.  T  his,  on  examination  with  higher  powers, 
found  almost  exclusively  mononuclear  in  chaiacter,  the  majori  y 
the  cells  being  of  small  size.  Paler  areas  of  largci  mononuc  ea 
elements,  however,  were  present  as  rather  definite  nodu  es 
midst  of  the  small-celled  infiltration.  These  were  found  &Ue 
with  enormous  numbers  of  parasites,  very  few  occuiring  ou  s 
cells.  They  were  not  so  plentiful  immediately  under  the  s  in. 

Case  XL  Note  by  Dr.  Bitter ,  October ,  1908.  The  case 
that  of  a  native  officer  of  the  Egyptian  Army  in  Cair°, 
who  had  never  been  out  of  Egypt.  He  had  small  "mated 
tumours,  elevated  about  two  to  three  millimetres,  w 
not  ulcerated  and  covered  with  dry,  whitish-coloured  scabs 


of  epithelium.  The  diameter  of  the  individual  tumours 
vaned  from  two  to  ten  millimetres.  About  twenty  of  these 
tumours  were  found  on  the  right  forearm  from  the  elbow  down 
(PI.  XV,  fig.  9),  three  on  In's  face,  one  on  the  forehead 
and  two  in  the  angle  of  the  nose.  He  had  consulted  Dr. 
Scheuber,  a  dermatologist  in  Cairo,  who  first  thought  it  might  be 
a  case  of  leprosy,  and  who  sent  the  patient  to  me  for 
bacteriological  examination.  The  research  for  leprosy  bacilli  was, 
however,  negative;  but  I  found  the  Leishman- Wright  bodies  in 
smears  as  well  as  in  sections  of  an  excised  tumour.  The 
parasites  were  situated  in  big  mononucular  cells  (macrophages; 

which  were  abundant  in  the  stratum  just  underneath  the 
epithelium. 


The  same  dermatologist  brought,  a  few  months  later,  some 
slides  and  an  excised  tumour  to  Dr.  Dreyer,  telling  him  that  they 
had  been  taken  from  a  Roumanian  lady  who  had  lived  in  Cairo  for 
several  years,  and  who  was  suffering  from  a  similar  affection  on  the 
lace  and  neck.  The  size  of  the  tumour  was,  however,  bigger.  Her 
sister  was  said  to  suffer  from  the  same  affection.  Dr.  Dreyer  found 

a  good  many  Leishman- Wright  bodies  in  cells  of  the  same  type  as 
in  the  case  of  Dr.  Bitter. 

(Pi  C‘xv  V7  N°te  °f  a  case  by  Captain  M •  F-  White,  lMS* 

.  ’  1  he  papules  were  first  noticed  in  February, 

9.  Jn  ushiie  (I  cisian  Gulf),  where  cases  were  scarce  at  the  time, 

°nC  °  1 Europeans  beinkr  affected.  Had  been  in  Baghdad  two 
months  previously. 

takelof  the  spots™  Thet™  “  FePuary  and  not  much  notice  was 
on  the  Hnrc  P  /  r  Ly  consistcd  of  a  group  of  five  small  spots 

S.  ai“ersdfurther  T about  an  “ch 
-LTLSirL mth  a 

area  of  the  fi  ’  d  “  S°me'  dePressed  in  others.  The  whole 
gave  rise  to  no"  ***  *“  S.lightly  ™Sed  a"d  Earned.  Th'> 

occasionally  aftefTfoTtath  th’  “  tr°Ub‘e  Whats°ever’  excePl  llia‘ 
became  slio-htl  tlp-v  Save  rise  to  slight  tingling  and 

sign  ,  (  t  SW°1,e"  “d  -d.  Otherw.se  they  have  Lwn  no 

ygryof  increasing  or  decreasing,  and  at  the  present  time,  fourteen 

a'ld  t0  tlu'  l|tllors  for  permission  to  inehidVit  jEa£^in  Wbite  for  his  note  and  photograph, 

c  11  ,n  Uus  paper. — Eds. 


months  after  they  were  first  noticed,  they  are  practically  in  the 
original  condition. 

For  the  last  month,  two  of  the  spots  which  have  been  used  for 
microscopic  examination,  have  taken  to  remaining  open  for  a  few 
days,  but  always  heal  up  again  with  the  aid  of  a  simple  dressing. 

Smears  were  taken  in  April,  1910,  and  typical  parasites 
( Leishmania  tropica)  found.  None  were  found  in  the  peripheral 
blood,  though  many  attempts  were  made  to  find  them. 

Cultures  were  tried  twice  on  sodium  citrate,  acidified  with  citric 
acid,  and  incubated  at  220  C.  according  to  Rogers’  method,  but  no 
result  was  obtained.  Cultivation  was  then  tried  on  blood  agar, 
with  positive  result  in  each  tube  inoculated.  The  cultures  showed 
Hcrpetomonas  forms  after  two  days’  incubation,  but  it  was  found 
impossible  to  maintain  them  and  to  make  subcultures  owing  to  the 
contaminating  micrococci  of  the  skin. 

PATHOLOGICAL  HISTOLOGY  OF  THE  LESIONS 

It  may  at  once  be  said  that  the  pathological  features  of  the  two 
types  above  described  present  an  underlying  identit) .  T  e 
differences  between  them,  although  very  great,  both  as  regards  their 
naked  eye  and  histological  characters,  are,  we  believe,  exphcab  e 
on  the  ground  of  accidental  influences  depending  on  situation, 
exposure  to  friction,  bacterial  invasion,  etc.  I  he  essential  identit) 
of  the  two  forms  is  indicated  not  only  by  the  presence  in  each  of 
indistinguishable  parasites,  but  by  the  essentially  similar  nature 
of  the  sub-epithelial  infiltration  which  both  picsent. 

Warty  Form .  So  far,  we  have  only  observed  the  warty  forms  in 
exposed  situations  where  the  skin  is  normally  of  considerable 
thickness,  and  where  such  growths  are  liable  (in  the  absence  of  an) 
protective  covering)  not  only  to  bacterial  invasion,  but  also  to 
proliferative  changes  consequent  upon  the  maintenance  of  a  chronic 
inflammatory  condition  from  irritative  influences  of  a 
nature.  .  , 

In  a  thin  paraffin  section  including  the  elevated  margin  0  t  e 
lesion,  one  sees  a  number  of  vertical  epithelial  columns  w 
penetrate  the  dermis  sometimes  to  a  depth  of  7  to  8  mm. 

Small,  apparently  isolated  down-growths  of  epithelium, 


cells  of  which  have  a  normal  arrangement,  also  occur  in  the  deeper 
lying  tissue.  Structures  resembling  ‘cell-nests’  have  been 
frequently  observed  both  in  the  epithelial  columns  and  in  the 
deeper  epithelial  collections  just  mentioned.  The  ‘prickle-cell’ 
nature  of  the  epithelial  down-growths  is,  as  a  rule,  very  clearly 
seen,  the  intervals  between  the  cells  being  rather  greater  than  usual 
by  reason  of  inter-cellular  oedema.  The  stratum  granulosum  and 
the  keratinous  layer  are  usually  considerably  increased  in 
thickness.  1  hese  features  of  the  epithelium  are  simply  those  which 
might  be  expected  to  result  from  any  chronic  lesion.  The 
cell-nests,  for  instance,  have  no  greater  significance  than  they 
possess  in  other  chronic  lesions  such  as  simple  warts,  scrofuloderma, 
etc. 


I  he  dermis  itsell  is  the  seat  of  an  exceedingly  dense  and 
uniform  cellular  infiltration  which  is  continuous  beneath  the  entire 
extent  of  the  lesion.  I  his  infiltration  is  composed  of  cells  of 
various  kinds.  The  superficial  strata  of  the  dermis  in  the  central 
parts  of  the  lesion  frequently  contain  considerable  numbers  of 
polymorphonuclear  leucocytes,  as  well  as  free  nuclei  and  other 
cellular  detritus,  the  result  of  inroads  by  pyogenic  bacteria.  More 
ceeply,  however,  the  cellular  infiltration  is  composed  almost 
exc  usively  of  mononuclear  elements  of  various  kinds.  A  certain 
p  portion  of  these  arc  indistinguishable  from  lymphocytes.  In 
st  of  this  cellular  zone,  small  ill-defined  areas  are  observed 
composed  of  mononuclear  cells  of  much  larger  size  than  the 
^  C  aSS'  areas»  seen  under  a  low  power,  appear  rather 

Cr  tlC  clcnse  small  mononuclear  infiltration  surrounding 

em.  The  parasites  are  found  in  the  largest  numbers  in  the 

ex-rh,0r  1  the  cel,s  composing  such  areas,  though  by  no  means 

excluslvely  confined  to  Thc  ,nfiitrated  arcas  just  descnbed 

canilln  \  XtlSCU,ai’  considerable  numbers  of  small  vessels  of 
capillary  character  being  present. 

encountered  sweat"glands,  which  are  often  of  course 

but  have  not  ]  ^  \  °  S°me  extent  in  tJie  surrounding  infiltration, 

change  °  JSC1VCcl  to  Sllffer  any  degenerative  or  destructive 

areolaT^e'p^'to^t  litT  gradUa'Iy  meTSeS  int°  the  n°rmal 


Flat  Form.  The  skin  here,  in  contrast  to  the  preceding  form,  is 
thinned  and  atrophied,  the  glands  of  the  skin  sharing  markedly  in 
the  atrophic  process.  The  papillae  of  the  Malpighian  layer  are 
represented  by  very  short  processes,  or  are  at  the  centre  of  tie 

patch,  entirely  absent.  . 

A  sharply  defined  zone  of  cellular  infiltration,  practically 

identical  in  all  respects  with  that  described  as  pertaining  to  the 
warty  form,  is  present  under  the  thinned  epidermis.  Such  a 
growth,  examined  in  section  with  a  pocket-lens,  closely  resembles 
the  subcutaneous  nodules  sometimes  seen  in  cases  of  leucocythaemia. 
The  parasites,  which  occur  in  the  large  mononuclear  cells  describe 
above,  were  present  in  such  large  numbers  in  both  cases  of  this  kind 
which  we  have  examined,  that  the  sections  appeared  to  be  crowded 

with  them.  ,  .  .  f 

The  parasites  agree  in  every  respect  with  the  descriptions  of 

Lehhmama  trofica.  They  are  identical  in  both  the  warty  and  fla 

forms  of  the  lesion  (PI.  XIV,  figs,  n,  I2>  r3)-  f 

Our  two  examples  of  the  flat  form  were  entirely  free  from 
micro-organisms.  In  the  warty  forms,  on  the  contrary,  these  were 
constantly  present.  These  micro-organisms  were  of  many  d.fferen 
kinds,  and  as  they  clearly  represented  a  secondary  accidental 
infection,  we  have  taken  no  pains  to  determine  their  nature.  T1  y 
were  most  frequent  in  the  superficial  layers,  and  were  never  found 

deeply  in  the  centre  of  the  growth.  , 

The  examination  of  a  large  number  of  specimens  has  shown 
that  in  those  cases  in  which  bacteria  were  most  plentiful,  parasite 
occurred  in  very  scanty  numbers  or  not  at  all.  ur  °Plnl  1  . 

so  far  from  there  being  anything  of  the  nature  of  a  sy“bl° 
between  the  two,  the  appearance  of  bacteria  mvolva. The  extmet  o 
of  the  parasite.  The  reason  why  we  have  failed  o  find  the 
parasites  in  so  many  of  the  cases  reported,  is  proba  y 
process  of  extinction  had  reached  a  point  where  exceed  S  y  ^ 
if  any,  parasites  had  survived.  The  specimen  which  contamed l  the 
parasite  in  largest  numbers  was  one  which  contained  ™  g 

Whether  the  bacteria  ever  destroy  the  parasites  sufficentiy  to  bring 
about  a  natural  cessation  of  the  process  we  have 
judging,  but  it  seems  quite  possible.  which  the 

The  condition  is  therefore  essentially 
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subdermic  tissues  are  invaded  by  I.rishmnnm  tropica.  Almost 
certainly,  the  parasite,  after  its  entrance  has  been  effected 
mult.phes  in  enormous  numbers.  The  large  non-granular 
mononuclear  cells  are  those  which  are  primarily  attracted  to  the  site 
of  infection,  and  they  harbour  the  parasite  in  large  numbers  in  their, 
interior.  Whether  intracellular  multiplication  of  the  parasite occunf 

or  not,  we  have  no  means  of  stating  with  certainty,  but  it  would 
appear  probable. 

The  skin  over  the  site  of  infection  may  or  may  not  show 

hypertrophic  changes;  in  other  words,  the  resulting  lesion  maybe 

eit  icr  a  prominent  centrally  ulcerated  papilloma,  or  a  slightly 

elevated  non-ulcerated  patch.  In  either  case,  the  essential  naturi 

,  Un  “Nitration  is  the  same.  We  have,  unfortunately, 

,,  °  to  I,lal'w0  any  inoculation  or  cultural  experiments  with 

the  parasite. 

.  ^acts  uhi(h  we  have  called  attention  may  be  thus 
summarised: —  3 

nrr(l)  Cerlain  forms  of  skin  affection  caused  by  Leishmnnia  tropica 
occur  not  infrequently  in  Egypt. 

almost-  y  may  be  solitary  or  multiple,  and  in  the  latter  case  are 
almost  certainly  the  result  of  auto-inoculation. 

the  snbr,ry  COnS,St  essentia,,y  of  a  mononuclear  infiltration  of 
of  the  parasites!8  t,SSUCS  harbour ’  sometimes,  large  numbers 

the  one  themselves  clinically  under  two  forms: 

warty^ ^tow  hg  ^ra,Sed>  flat  ^ !  the  other,  .-prominent 

by  constitutional  C°UrSe'  "d  “*  UnaCCOmParaed 

(5)  They  are  best  treated 
skin-grafting. 
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CONTRIBUTION  A  L’ETUDE  DU 
POROCEPHALUS  ARMILLATUS 


PAR 

A.  BRODEN 

ET 

J.  RODHAIN, 

Laboratoire  de  Leopoldville  ( Congo  Beige') 

(. Received  for  publication  5  April ,  1910) 

Dans  deux  communications  precedentcs1  parues  dans  ccs 
Annals,  Vol.  I,  No.  4,  1908,  et  Vol.  II,  No.  4,  1909,  nous  avons 
relate  des  cas  d’infection  naturclle  par  Porocephalus*  chez  l’homme, 
le  singe,  et  certains  grands  serpents ;  ensuite  nos  experiences 
d’infestations  experimentale. 

La  presente  notice  a  pour  but  dc  completer  certaines  observations 
deja  signalees  precedcmcnt. 

1.  INFESTATIONS  EXPERI  MEN  TALES  DE  L’HOTE  DEFINITIF 

On  aurait  pu  objector  a  nos  experiences  d’infestation  experimen- 
tales  de  l’hote  definitif,  relatees  dans  ccs  Annals,  Vol.  II,  page  31 1, 
que  nos  petits  serpents,  Causus  rhombeatus,  pouvaient  etre  infectes 
naturel lenient.  Cette  Hypothese  nous  paraissait  inadmissible,  car, 
inalgre  le  grand  nombre  dc  ces  Causus  examines  par  nous  a 
Leopoldville,  aucun  11’avait  ete  trouve  porteur  de  Porocephalus , 
analogue  a  ceux  servant  a  nos  experiences.  Neanmoins  nous  avons 
repris  ces  cssais  d’infestation  experimentale,  en  essay  ant  de  suivre 
de  plus  pres  le  sort  des  larves  dc  Porocephalus  chez  le  serpent  en 
experience;  ensuite  en  donnant  aux  serpents  un  nombre  determine 
de  larves,  a  comparer  au  nombre  de  parasites  trouves  ulterieurement 
a  l’autopsie. 

1  D’apres  une  lettre  privee  que  vient  de  nous  envoyer  le  professeur  Gedoelst,  ces 
communications,  ainsi  que  la  presente,  traitent  en  realite  de  P.  attm/latus  et  non  pas 
de  P.  moniliformis. 

L 
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Le  25-IX-0S.  Nous  tuons  Ic  singe  No.  5  Macacus ,  infeste  le 
27-IV-08,  c’est-a-dire,  5  mois  auparavant,  avec  des  aufs  de 
Porocephalus  du  serpent  No.  2  (Python  sebae )  (Voir  ces  Annals, 
Vol.  II,  page  307). 

Ce  singe  est  fortement  infeste  par  des  iarvcs  cnkystees,  dune 
iagon  analogue  a  celle  decrite  pour  le  singe  No.  2  (ibid,  pages  306 
et  307). 

Ouelques  unes  de  plus  grosses  larves  de  ce  singe  No.  5,  servent 
a  1  alimentation  forcee  de  3  petits  serpents. 

Serpent  No.  1.  Causus  rhombealus ,  rcqoit  le  25-IX-08  plusieurs 
larves.  Celles-ci  doivent  etre  introduites  au  fond  du  pharynx, 
pendant  que  1’animal  est  maintenu.  Le  nonibre  de  lanes 
introduites  n’a  pas  ete  compte. 

I.e  2.S-IX-08  au  matin  ce  serpent  est  trouve  mort.  A  l’autopsie, 
nous  tiouvons  des  suffusions  hemorrhagiques  le  long  de  la  moitie 

anteiieure  du  tube  digestif,  jusque  vers  la  partie  posterieurc  de 
l’estomac. 

Dans  la  cavite  stomacale,  nous  trouvons  2  larves  sorties  de 
Lur  membrane  kystique,  adherant  par  les  crochets  a  la  paroi  de 
1  estomac.  2  autres  larves,  non  sorties  de  leur  enveloppe  et  mortes, 
sont  contenues  dans  la  cavit6  stomacale.  Dans  le  tissu  conjonctil 
au  niveau  de  1  estomac,  mais  en  dehors  de  celui-ci,  2  larves  libres. 

Dans  les  sacs  pulmonaires,  4  larves  libres. 

Dans  1  intestin,  nous  ne  trouvons  aucune  larve. 

est  peu  probable  croyons-nous,  que  la  mort  de  ce  serpent 
puisse  etre  attribute  aux  larves  de  Porocephalus.  II  est  plus 
admissible  que  la  capture  de  l’animal  et  les  manifestations  violentes 
cessan es  pour  1  introduction  forcee  des  larves  ont  provoque  les 
lesions  hemorrhagiques  et  la  mort. 

1  p  cxPerience  nous  pouvons  deduirc  qu’il  faut  aux  larves 

rhnmh .  CePh(^us  introduites  dans  le  tube  digestif  du  Causits 

Ca.  US>  3ein  Peu  cle  temps  pour  en  sortir  et  parvenir  dans  les 

11  PUl^°naires-  ^  moment  de  introduction  des  larves, 

motH  aUSUS>  16  25_IX"°8  et  l  autopsie  le  28-IX-0S,  il  s’est  ecoule 
moms  de  3  jours. 

1°'  2'  BiHs  arietans>  regoit  le  25-IX-08,  de  la  menie 
■ " d-  —  * 


Lc  serpent  avait  ete  quelque  peu  malmene  pendant  Introduction 
des  larves,  mais  paraissait  avoir  bicn  supporte  les  manipulations. 
Le  30-IX-08  nous  lui  donnons  en  nourriture  un  rat  qu’il  tue  et 
a  vale,  mais  ensuite  le  serpent  reste  tres  indolent.  Le  lendemain 
1-X-08,  Fanimal  meurt,  a  peu  pres  exactement  6  jours  apres 
l’infestation. 

A  l’autopsie,  nous  trouvons  dans  le  tissu  cellulairc  au  niveau  de 
la  bifurcation  des  bronches  ct  du  premier  sac  pulmonaire,  des 
suffusions  hemorrhagiques  et  unc  congestion  violente  de  ce  sac 
pulmonaire. 

A  ce  niveau,  dans  le  tissu  conjonctif  en  dehors  du  sac 
pulmonaire,  nous  trouvons  1  Porocephale  libre,  un  autre  parasite 
libre  dans  le  tissu  cellulaire  un  peu  en  arriere  du  pylore.  Dans  le 
sac  pulmonaire  anterieur,  il  y  a  1  parasite  libre;  dans  le  sac 
pulmonaire  posterieur  pres  de  l’estomac  4  Porocephales  libres,  qui 
n’ont  pas  produit  la  moindre  irritation.  Le  9e  parasite  n’a  pas  ete 
retrouve. 

Quand  a  la  mort  du  serpent,  nous  devons  faire  les  memes 
remarques  que  pour  le  serpent  No.  1  Causus  rhombeatus. 

Entre  le  moment  de  l’infestation  et  celui  de  l’autopsie,  il  sest 
ecoule  6  jours.  Les  parasites  retrouves  chez  le  serpent  No.  2, 
etaient  deja  manifestement  plus  grands  que  ceux  du  serpent  No.  1. 

Serpent  No.  3.  Causus  rhombeatus ,  cst  infeste  le  25-IX-08,  de 
la  meme  fa^on  que  les  2  serpents  precedents,  au  moyen  de  5  larves 
enkystecs  du  singe. 

Ce  serpent  reste  bicn  portant  et  est  tue  au  bout  de  2  mois,  lc 

25-XI-0S. 

Les  5  Porocephales  sont  retrouves  dans  les  sacs  pulmonaiies, 
attachees  aux  parois  par  leurs  crochets. 

Il  resulte  de  ces  experiences  :  — 

i'  L’infestation  des  petits  serpents  mis  en  experience  est  bicn 
une  infestation  experimentaLe ,  et  non  une  infestation  naturelle 
pre-existante. 

En  effet,  chez  le  serpent  No.  2,  nous  avons  retrouve  8  parasites 
des  9  introduits.  La  place  occupee  par  l’un  des  parasites,  dans  la 
partie  terminale  du  gros  intestin,  pres  l’anus,  indique  que  dans 
certains  cas,  une  partie  des  larves  peut  etre  eliminee  par  cette  voie. 


i  ;o 


Cela  a  ete  le  cas  sans  doute  pour  la  ge  ties  larves  introduites.  Chez 
le  serpent  No.  3, — 5  larves  ont  ete  donnees,  ct  5  parasites  ont 
ete  retrouves  dans  le  sac  pulmonaire. 

En  outre  la  place  occupec  par  certains  Porocephales  dans  ic 
tissu  cellulaire  chez  les  serpents  1  et  2,  indique  suffisamment, 
croyons-nous,  que  ces  parasites  etaient  d’introduction  recente. 

2  I.a  migration  des  larves  introduites  chez  le  serpent  par  voie 
stomacale,  se  fait  rapidement :  chez  le  serpent  No.  1,  en  moinsdej 
jours,  des  parasites  sont  parvenus  dans  le  sac  pulmonaire. 

Ces  nouveaux  essais  reussis  d’infestation  experimental  de 
petits  serpents  par  larves  dc  Porocephalus,  con firment  ce  que  nous 
a\  ons  dit  precedemment :  dans  la  nature  les  grands  serpents 
s  inf  alt  nt  en  avalant  des  animaux  infestes  de  jeunes  Porocephalus , 
pour  lesquels  ils  constituent  des  holes  definitif s. 

Nous  avons  recherche  si  un  autre  animal,  par  exemple,  le  singe, 
ne  pouvait  pas  constituer  un  hote  definitif  pour  les  Porocephalus, 
bicn  qu  apres  toutes  nos  observations,  cette  eventualite  nous  parut 
peu  probable. 

^ c  J"X-o8,  nous  donnes  per  os  a  un  singe  Macacus ,  5 
otocephalus  provenant  du  serpent  No.  2.  Les  parasites  mis  dans 
ne  capsule  en  gelatine  sont  introduits  profondement  dans  l'arriere 
t,orge  de  faqon  a  eviter  toute  lesion  ou  dechirure  par  les  dents. 

Le  singe  reste  bicn  portant.  Tue  le  10-XI-08,  nous  ne  trouvons 
pas  de  traces  des  parasites  introduits. 

Ee  singe  ne  pent  done  constituer  un  hote  definitif  pour  les 
c  otocephalus. 


INFESTATIONS  EXPERIMENTALES  DE  LHOTE 

intermediate 

imrprn  1  -  E  une  de  nos  malades,  Gwangwate  qui  aval1 

/  Cau  avec  ^cs  ccu E  dc  Porocephalus  du  serpent  No.  - 
notirp  (  C  Cn  \*C  aU  moment  4e  la  publication  de  notre  seconds 

arrivee  fiTin  sta  f  Vo1  IJ»  Pages  3^o  et  321).  Cette  femme, 

des  r  ,  C  lncurable  de  la  trypanose,  avait  ete  infectee  par 
traLle  ,  f  ^epHalus,  le  ^  E„e  avait  continue  le 

cette  femma  .at°Xyl  J?5qUC  PCU  de  mois  avant  sa  n>ort.  J3®® 
rc  n  a  presente  le  moindre  symptomc  morbide  pouvantetre 


attribue  a  la  presence  de  Porocephalus  dans  ses  organes,  ou 
meme  permettant  de  soupqonner  l’existence  dc  ces  parasites  dans 
son  organisme.  La  femme  est  morte  de  trypanose,  le  i  1-XI-09, 
e’est-a-dire,  18}  mois  apres  l’ingestion  des  oeufs  de  Porocephalus. 

Autopsie.  Corps  assez  amaigri,  pas  de  lesions  cutanees. 

Abdomen-,  pas  d’exsudat  dans  la  cavite  pdritoneale,  pas  de 
trace  d’irritation.  Nombreuses  larves  libres  entre  les  anses, 
intestinales,  dans  les  replis  du  mesentere,  dans  le  petit  bassin ; 
elles  sont  mollement  accrochees  par  leurs  crochets.  Nous 
recueillons  en  tout  73  larves  libres. 

D’autres  larves  sont  encore  enkystees  dans  le  grand  epiploon. 
Le  foie  renferme  un  nombre  tres  considerable  de  larves  enkystees, 
chaque  incision  faite  dans  l’organe,  met  a  nu  des  larves  enroulees 
et  entourees  de  leur  membrane  kystique.  Ni  la  rate  ni  les  reins  ne 
renferment  de  larves. 

Cage  Thoracique :  pas  d’exsudat  dans  les  plevres,  pas  de 
symptomes  d’inflammation.  Le  poumon  gauche  renferme  dans  le 
lobe  superieur  2  larves  enroulees  et  enkystees,  le  poumon  droit,  1 
seule  larve. 

Dans  les  ganglions  lymphatiques  du  mesentere,  nous  retrouvons 
de  rares  larves  assez  petites,  enkystees. 

Pas  de  larves  dans  la  paroi  de  l’intestin  ni  a  l’exterieur  de  ce 
canal. 

Les  dimensions  de  ces  larves  sont  relativement  reduites .  les 
plus  grandes  atteignent  environ  22  mm.  de  longueur  sur  2  mm.  de 
largeur.  Le  plus  grand  nombre  ne  mesure  que  15  a  16  mm.  De 
cette  analyse  sommaire,  deux  points  sont  a  retenir.  D  abord  les 
dimensions  relativement  reduites  des  larves,  malgre  qu  il  se  soit 
ecoule  depuis  le  moment  de  l’infestation  jusqu’a  la  mort,  le  temps 
consid6rable  de  18I,  mois. 

Nous  devons  en  deduire  que  dans  l’organisme  humain,  les  lanes 
de  Porocephalus,  se  developpent  avec  une  lenteur  extreme.  Ensuite, 
l’absence  de  toute  irritation,  de  toute  reaction  de  la  part  des 
organes,  constatee  chez  la  femme  Gwangwate  comme  chez  les  deux 
autres  malades  (ces  Annals ,  Vol.  II,  pages  3°9~3IO)>  nous  Permet 
de  conclure  que  les  larves  de  Porocephalus  ne  provoquent  guere 
d’irritation  dans  les  corps  humain. 

B.  Le  Singe.  Au  moment  de  la  publication  de  notre  2e  note 
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(ces  Annals ,  Vol.  II,  No.  4  lc  singe  No.  4  (page  307)  etait  encore 
en  vie.  Ce  singe  Macacus  avait  ete  infests  le  /-III-08  ‘avecdes 
‘oeufs  de  Porocephalus  du  serpent  No.  1,  gardes  dans  de  la  terre 
‘  depuis  le  7-XII-07,  c’est-a-dire,  depuis  3  mdis.  I.es  deux 
‘  premiers  mois  la  terre  fut  gardee  humide,  le  troisieme  mois  die 
1  fut  negligee,  et  resta  plutot  scche.’ 

Ce  singe  etait  reste  constammcnt  hicn  portant  et  trbs  vif,  lorsque 
le  5-II-1910,  au  matin,  il  est  trouve  inort.  Meme  la  veille  de  la 
mort,  nous  n’avions  pas  remarque  chez  le  singe  des  symptomes  de 
maladie. 

Autopsie.  Dans  la  cavite  abdominale,  nous  trouvons  de 
l’exsudat  sanguinolent  assez  abondant,  et  une  inflammation  aigue 
du  peritoine  et  de  1’intestin.  Nous  y  rccueillons  100  larves  vivantes 
et  libres,  reparties  entre  les  anses  intestinales,  dans  le  petit  bassin, 
ou  accrochees  a  la  paroi  abdominale.  Le  grand  epiploon  renferme 
encore  d’assez  nombreuses  larves  cnkystees. 

Le  foie  presente  une  larve  enroulee  et  enkystee  a  sa  face  antero- 
superieure  et  une  seule  larve  petite,  enkystee  dans  le  parenchymede 
1’organe. 

Ni  la  rate,  ni  les  reins,  ni  l’intestin,  ne  renferment  de  larves. 

La  cage  thoracique  est  dans  un  etat  normal,  les  poumons  ne 
renferment  pas  de  larves. 

A  la  face  superieure  du  diaphragme  nous  trouvons  une  seule 
larve  enroulee  et  enkystee. 

Les  dimensions  des  larves  libres  recueillies  dans  la  cavite 
abdominale  sent  tr&s  variables.  La  plus  grande  mesure  18  mm.  en 

longueur,  sur  2  mm.  en  largeur,  la  plus  petite  n’a  que  8  mm.  sur 
1 '5  mm. 

Ce  singe  a  succombe  a  une  peritonite  suraigue.  Peut-elle  etre 
attribute  a  la  presence  des  larves  Porocephalus  ? 

1  on  compare  1  etat  macroscopique  constate  chez  nos  autre? 
inges  infectes  de  P  orocepkalus  soit  naturellement  soit 
experimental ement,  si  l’on  se  rappelle  1’absence  complete  dc  tout 
symptome  inflammatoire  chez  les  3  negres  infestes  experimentale- 
/  .  ’  .  °n  admettre  avec  nous  qu’il  est  peu  probable  que  a 
P  omte  du  singe  No.  4  puisse  etre  attribute  aux  larves  de 

/  orocepkalus. 

pouvait  avoir  ete  provoqu^e  par  ces  parasites,  pourquoi 
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ne  s’est-elle  pas  produite  plus  tot  chez  ce  singe  infeste  depuis  prds 
dc  deux  ans  ? 

Nous  estimons  que  la  peritonite  du  No.  4  peut  etre  attribute 
tout  aussi  bien  a  une  cause  fortuite,  traumatique,  par  exemple.  En 
effet,  l’animal  garde  a  une  chaine  fixee  autour  de  l'abdomen,  a  pu 
faire  et  faisait  en  realite  des  mouvements  violents.  Une  traction 
brusque,  un  choc,  a  pu  produire  tin  traumatisme  abdominal,  se 
terminant  par  la  peritonite. 

Quelle  que  soit  la  cause  a  laquelle  Ton  soit  tente  d’attribuer  la 
mort  de  l’animal,  deux  faits  decoulent  de  cette  observation. 

En  premier  lieu,  c’est  la  longue  vitality  des  ceufs  de 
Porocephalus.  Ce  singe  flit  infeste  comine  nous  l’avons  dit  plus 
haut  avec  des  ceufs  de  Porocephalus  gardes  pendant  3  mois  dans 
de  la  terre,  en  soinme  dans  de  mauvaises  conditions. 

Ensuite  nous  ferons  ressortir  comrae  pour  la  femme  Gwangwate, 
le  developpement  extremement  lent  des  larves  de  P otocephalus  dans 
l’organisme  de  l’hote  intermediairc-singe.  Apres  23  mois  les  plus 
grandes  larves,  rares,  n’atteignaient  que  18  mm.,  la  moyenne  12  a 
13  mm.,  les  plus  petites  8  mm.  sen  lenient. 


D  iscussio  n  General  e . 

Des  faits  relates  dans  cette  notice  comme  dans  les  deux 
precedentes,  nous  pouvons  deduire  quelques  faits  interessants  pout 

l’histoire  du  Porocephalus  arrnillatus. 

Et  tout  d’abord,  en  ce  qui  concerne  les  botes  intermediates, 
nous  avons  montre  qu’en  dehors  de  ceux  signales  jusqua  present, 
homme,  singe,  chien,  girafe,  hybne,  d’autres  ammaux  encore, 
comme  le  chat,  le  rat,  sont  susceptibles  d’infestation.  Nous  avons 
montre  ensuite,  par  nos  essais  d’infestation  experimentale  de 
l’homme  du  singe,  du  rat  et  du  chat,  que  1  bote  inteimediaiic 
s’infeste  en  avalant  des  ceufs  de  Porocephnlus  adultes  provenant 
des  grands  serpents. 

Par  l’infestation  experimentale  du  singe  No.  4  moyen  d’ccuts 
gardes  pendant  3  mois  dans  de  la  terre,  en  mauvaises  conditions 
nous  avons  prouve  le  grande  resistance  des  embryons. 

Enfin,  de  nos  observations,  nous  croyons  pom  oil  rondure  que 
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Vhote  intermediate  naturel,  du  Porocephalus  armillatus ,  est  bien 
le  singe.  Nous  avons  signale  en  effet  (ces  Annals,  Vol.  II,  page 
304),  que  sur  31  singes,  nous  cn  avions  trouve  9  infests 
naturel  lenient,  soit  29%.  Si  l’on  met  en  regard,  dun  cote,  la 
frequence  de  1’infection  naturel l 'c  chcz  le  singe  et  sa  rarete  chez 
d’a utres  animaux  ou  I’homme,  d’un  autre  cot6,  le  fait  que  les  grands 
serpents  africains  sont  en  effet  mangeurs  de  singes,  notre  conclusion 
paraitra  logique.  En  ce  qui  concerne  l' hole  defnitif ,  nos 
observations  n  ont  fait  que  confirmer  les  connaissance  acquires  que 
les  grands  serpents  africains  ( Python  sebae)  (Bi/is  gabonicai 
etaient  les  hotes  des  formes  adultes  de  Porocephalus.  Chez  le 
seipent,  les  parasites  arrivent  a  developpemcnt  complet,  ils  s'y 
fecondent,  ils  y  pondent  leurs  ccufs. 

Par  nos  essais  d  infestation  experimentale  de  serpents  plus 
petits  ( Causus  rhomb  eat  us,  Bilis  arictans),  nous  avons  prouve  que 

le  serpent  s’mfecte  par  ^introduction  par  voie  buccale  de  larves  de 
Porocephalus. 

Nos  experiences  ont  prouvd  ensuite  qu’il  faut  aux  larves  bien 

peu  de  temps  pour  cheminer  du  tube  digestif  jusque  dans  les  sacs 

^lff;mj>na^reS'  ^lez  serpent  No.  1,  Causus  rhombeatus ,  il  a 
sutti  de  moms  de  trois  jours. 

Quand  ii  la  voie  suivie  par  les  larves  de  Porocephalus  dans  le 
.  P  .U  scrPent,  nous  devons  admettre  qu’elles  sont  capables  de 

,  ,  ^unique  stomacale,  pour  voyager  dans  le  tissu  cellulaire 
et  penetrer  ensuite  dans  les  sacs  pulmonaires. 
j  ,  observations  ont  mis  en  lumiere  la  difference  considerable 

■  .  developpement  des  parasites  chez  I’hote 

intermedia, re  et  l’hote  definitif. 

n  itnr  1  /  *nterrn^diaire  °u  accidentel  (femme  Gwangwate)  ou 
“  ,(Par  :XTPlG  SmSC  No-  4).  les  larves,  apres  un  sejour 
atteint  ^mCnt  C  l8*  mois  et  de  23  mois,  avaient  a  peine 
contre  ^  2 f'  mm‘.  pour  les  formes  les  plus  avancees.  Par 

Pour  pro  von  ^  fI  a  suffi  dun  sejour  de  peu  de  jours, 

vue.  UCr  Un  eveIoPPement  marque,  appreciable  a  premiere 


Enfin, 
larves  ou 
naturel,  ne 


experiences  et  nos  observations  ont  prouve  que  les 
jeunes  Porocephalus  chez  l’hote  intermediate  soil 
ovoquent  gucre  de  desordres.  Parmi  tous  nos  cas 
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d’infestation  experimentale  d'hotes  intermediates,  seul  un  singe 
(No.  4)  presenta,  apres  23  mois  d’infection,  dcs  symptomes 
macroscopiques  d’inflammation.  Nous  avons  dit  plus  haut  que 
nous  ne  pouvions  pas  surement  les  attribuer  a  la  presence  des 
parasites. 

De  meme  nous  devons  remettre  en  doute  l’explication  que  nous 
avons  donnee  de  la  mort  du  soldat,  chez  lequel  nous  avons 
constate  en  1907,  un  cas  d’infestation  naturelle  par  larve  de 
Porocephalus  (ces  Annals ,  Vol.  I,  page  499)- 

Nous  avions  dit  alors  que  la  larve  devait  avoir  ete  enkystee  dans 
la  rate,  qu’elle  avait  a  un  moment  donne  du  rompre  le  kyste  et 
provoquer  des  lesions  dans  la  rate,  qu’elle  etait  sortie  ensuite  de 
1’organe  pour  se  loger  dans  la  cavite  peritoneale.  Bref,  nous  avions 
cru  alors  a  une  fente  purulente  de  la  rate,  suivie  de  peritonite, 
maladie  dont  la  cause  primordiale  aurait  ete  la  larve  de 
Porocephalus. 

Apres  toutes  nos  observations  et  nos  experiences  d’infestation 
cette  explication  ne  peut  etre  maintenuc.  Ni  chez  1  homme,  ni 
chez  l’animal  infeste  expdrimentalement,  nous  n  avons  trouve  de 
larves  a  l’interieur  de  la  rate,  alors  que  d’autres  organes 
ahdominaux,  notamment  le  foie  en  contenaient. 

L’absence  de  toute  irritation  et  inflammation  chez  les  singes 
infestes  naturellement,  et  chez  l’homme  et  les  animaux  infestes 
experimentalement  (a  part  le  seul  singe  No.  4),  prouve  a  suffisance 
que  la  mort  du  soldat  doit  etre  attribue  a  une  autre  cause  qu  a 
Taction  de  la  larve  de  Porocephalus.  Cet  homme  doit  avoir  eu  une 
affection  de  la  rate  ayant  determine  la  fente  purulente  de  cet 
organe,  et  cette  lesion  s’est  compliquee  d’une  peritonite  aigue. 


CONCLUSIONS 

L’liote  definitif  de  Porocephalus  armillatus  sont  les  grands 
serpents,  Python  sebae,  Bi/is  gabonica. 

I.’hote  intermediate  naturel  est  le  singe. 

b’hote  intermediaire  accidentel  peut  etre  tout  autre  animal  ou 
meme  Thomme. 

l-’hote  intermediaire  s’infecte  en  aval  ant  des  ouifs  de 
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Porocepkalus  elimines  par  les  grands  serpents,  les  ceufs  renfermant 
un  embryon  offrent  une  grande  resistance. 

L’hote  definitif  s’infeste  cn  avalant  un  hote  intermediaire  naturel 
infeste. 

Chez  l’hote  intermediaire,  accidentel  ou  naturel,  les  larves  de 
Porocepkalus  ont  un  developpemcnt  tres  lent — lc  developpcment 
chez  l’hote  definitif  est  rapide 

Les  Porocepkalus  introduits  dans  l’estomac  de  I’hotc  definitif 
percent  la  tunique  stomacale  et  arrivent  dans  les  sacs  pulmonaire? 
par  migration  a  travers  le  tissu  ccllulairc. 

Chez  l’hote  intermediaire,  les  larves  de  Porocepkalus  ne 
provoquent  de  lesions  anatomiques  ou  inflammatoires  que  dans  des 
circonstances  exceptionncllcs. 


177 


ON  THE  ABSENCE  OF  A  VESICANT 
IN  THE  ETHER  EXTRACT  OBTAIN¬ 
ABLE  FROM  MOSQUITOS 


BY 

J.  O.  WAKELIN  BARRATT,  M.D.,  D.Sc.,  London. 
( Received  for  publication  6  June,  I910^ 


The  bites  of  mosquitos  arc  well  known  to  cause  a  more  or  less 
troublesome  degree  of  irritation  of  the  skin,  which  commences  at 
the  end  of  a  few  hours,  and  lasts  from  one  to  three  days  or  more. 
The  skin  in  the  immediate  neighbourhood  of  the  bite  becomes 
reddened,  itchy  and  slightly  swollen.  If  rubbed  a  wheal  is 
generally  readily  produced.  The  degree  of  irritation  varies  with 
different  individuals.  Those  who  have  lived  long  in  mosquito- 
infested  districts  not  unfrequently  describe  themselves  as  having 
become  quite  or  nearly  immune  to  mosquito  bites. 

The  cause  of  this  irritative  effect  of  the  bite  of  the  mosquito  is 
presumably  to  be  found  in  the  fluid  injected  by  it  into  the  skin 
when  sucking  blood.*  The  nature  of  the  effective  constituent  of  this 
fluid  has  not  yet  been  determined  and,  owing  to  the  small  size  of 
the  mosquito,  investigation  is  attended  with  difficulty. 

The  experiments  which  form  the  subject  of  this  paper  were 
made  with  a  view  of  ascertaining  if  any  substance  possessing 
irritating  properties  when  applied  externally  to  human  skin  was 
present  in  the  extract  obtainable  from  mosquitos  with  the  aid  of 
ether.  It  is  well  known  that  in  the  Spanish  Fly  {Lytta  vesical  ana) 
a  strong  vesicant,  cantharidin,  is  present,  in  amount,  equal,  it 
may  be,  to  as  much  as  2  per  cent,  of  the  dried  insect.  Although 
the  present  investigation  failed  to  reveal  the  existence  of  an} 
irritant  in  mosquitos,  similar  to  that  present  in  Lytta  vesicalona ,  it 


•F.  Schaudinn  (Generations  und  Wirtswechsel  bei  thecoiUCTiS^f  the 

Arb.  aus  dem  Rais.  Gesundheitsamte,  1904.  Bd.  20,  S.  419),  bin  s  ‘  .  probably  by  the 

oesophagus  of  the  mosquito  are  effective  in  causing  irritation  of  t  I  - 

agency  of  the  fungi  they  contain.  The  salivary  glands  are  not  irritant. 
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may  be  of  interest  to  any  who  contemplate  working  on  similar  lines 
to  give  the  method  employed. 

i  he  procedure  followed  was  similar  to  that  adopted  in  the 
extract  of  cantharidin  from  Spanish  Fly.  About  500  mosquitos, 
consisting  of  various  species  of  Culicines  and  Anophelines  (chiefly 
the  former)  were  collected  in  Nyasaland  (Upper  Shire  River .  The 
weight  of  these,  after  drying  at  uo°C.,  was  0-478  gr.  The  dried 
mass  thus  obtained  was  ground  in  an  agate  mortar,  and  mixed  with 
one-third  of  its  weight  of  magnesia.  Water  was  then  added,  and 
the  mixture  evaporated  to  dryness  in  a  porcelain  capsule  on  a  water 

'.  Dilute  sulphuric  acid  was  then  added  until  an  alkaline 
reaction  was  no  longer  obtainable,  after  which  the  water  present 
was  again  driven  off  on  a  water  bath.  The  dried  mass  thus 
obtained  was  next  extracted  with  ether  in  a  Soxhlet  apparatus, 
-rom  the  extract  thus  obtained  ether  was  removed  by  distillation, 
and  the  residue  kept  at  ioo°  C.  until  all  water  was  driven  off.  The 
residue  was  then  again  dissolved  in  a  small  amount  of  ether,  and 
pp  le  rop  by  diop  to  an  area  of  human  skin  (flexor  surface  of 
e  wrist)  about  15  mm.  in  diameter.  A  small  amount  of  solid 
material,  not  taken  up  by  ether,  was  further  extracted  with 
oro  orm,  which  was  then  allowed  to  evaporate  on  the  same  area 


No  irritant  effect  was,  however,  produced,  the  skin  remaining 
iree  from  redness  or  itching.  The  area  to  which  the  ether  extract 

een  app  ied  was  kept  undisturbed  for  fourteen  hours  without 
any  change  manifesting  itself. 

.  |1PPc<'lr.  therefore,  that  the  irritant  action  of  mosquito 

brtes  cannot  be  attributed  to  the  existence  in  these  insects  of  any 
substance  possessing  a  vesicant  action.  • 
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FACTORS  IN  THE  TRANSMISSION 
AND  PREVENTION  OF  MALARIA 
IN  THE  PANAMA  CANAL  ZONE 

BY 

S.  T.  DARLING,  M.D. 

( Received  for  publication  7  June,  1910') 


INTRODUCTION 

In  every  malarial  region  it  is  important  that  the  species  of 
mosquitos  common  to  that  region  should  be  lecognised,  their 
breeding  habits  should  be  studied,  and  a  determination  made  of 
the  species  of  Anophelines,  hospitable  to  malaria,  and  those 
transmitting  it.  The  English  observers,  Stephens  and  Christophers, 
noticed  that  certain  species  of  Anophelines  were  natural 
transmitters  of  malarial  fever,  while  others  were  rarely,  if  ever, 
found  infected  naturally,  although  it  was  possible  to  infect 
them  under  laboratory  conditions.  We  know  that  the  breeding 
habits  of  Anophelines  vary,  too,  considerably,  and  it  may  be  said 
that  there  is  as  much  selection  of  breeding  places  by  Anophelines 
as  there  is  selection  of  feeding  grounds  by  fish.  Trout,  salmon, 
and  bull-heads  have  their  analogues  among  Anophelme  larvae; 
some  of  the  latter  requiring  fresh  aerated  water,  or  water  containing 
much  green  algae.  Others  are  found  in  tree-holes  and  recesses  o 
epiphytic  tree  plants,  such  as  Bromelias,  whcic  they  prey  upon 
other  species,  while  others  preferring  fresh  aerated  water  are  so 
adaptable  that  they  will  flourish  in  sewage  streams,  or  m  brackis 

water  containing  half  its  volume  of  sea  water. 

Some  species  require  an  abundance  of  sunlight,  vdn  c 
sylvan  species  prefer  shady  pools  in  which  chlorophyll-bearing 
algae  are  relatively  absent.  1  he  Anophelines  insuscepti 
malaria  may  be  more  limited  in  their  choice  of  breeding  p  aces, 
that  in  the  work  of  malarial  mosquito  destruction  the  latter  may 


disregarded,  and  attention  given  wholly  to  the  breeding  places  of 
those  species  responsible  for  the  transmission  of  malarial  fever. 

With  regard  to  man  as  a  host,  it  is  necessary  to  have  some 
knowledge  of  the  limits  of  his  infectiousness,  i.e.,  the  number  of 
sexual  forms  of  the  malarial  parasite  necessary  to  infect  susceptible 
mosquitos. 

Besides  the  question  of  hospitable  species  of  Anophelines,  there 
are  other  matters  of  much  importance,  such  as  latent  malaria;  the 
effect  ot  quinine  on  the  parasites  in  man;  the  value  of  various 
larvacides;  algacides;  agents  destructive  to  ditch  grass,  and  a 
knowledge  of  the  quality  of  wire  screening,  and  the  size  of  the 
mesh  necessary  to  keep  out  mosquitos. 


OUTLINE  OF  THE  SUBJECTS  CONSIDERED: 

Anophelines  of  this  region. 

Collection  of  larvae. 

Breeding  out  mosquitos  and  methods  of  feeding. 

Biting — infecting  experiments. 

Estimation  of  gametes. 

Care  of  mosquitos  after  feeding. 

Method  of  examining  for  zygotes  and  sporozoites. 
Description  of  the  malarial  parasite  in  the  mosquito. 

1  able  of  infecting  experiments. 

Notes  and  conclusions  from  table  of  infecting  experiments. 
Limit  of  infectiousness  of  man. 

Notes  on  the  bionomics  of  Anophelines. 

Effect  of  salt  or  sea  water  on  larvae. 

Experiments  with  larvacides. 

Experiments  with  agents  destructive  to  vegetation,  grass 
and  algae. 

Experiments  with  screening  of  various  mesh. 

R dative  value  of  wire  screening  of  various  composition, 
based  on  practical  tests  and  chemical  analyses. 

Note  on  the  value  of  the  practice  of  killing  Anophelines 
found  in  quarters  and  barracks. 

Ellect  ot  quinine  upon  the  parasite  in  mosquito  and  man. 


The  following  is  a  list  of  Anophelines  of  the  Canal  Zone  :  — 


Ce/lia  argyrotnrsis,  R.D. 

Cellia  tarsi maeu  lata ,  Goeldi 
Cellia (?)  gorgasi,  D.K. 

Cellia  albimana,  Wietl. 

Anopheles  (?)  crusii,  D.K. 

Anopheles  (?)  apicitnacula ,  D.K. 
Anopheles  (?)  punctimaculata ,  D.K. 
Arribalsagia  (?)  malefactor,  D.K. 
Anopheles  (?)  eiseni,  Coquill 
Anopheles  francisanus,  McCrack 
Anopheles  pseudopunctipennis,  Tbeob. 


The  above  eleven  species  of  Anophelines  have  been  collected  in 
the  Canal  Zone  during  the  past  five  years.  I  hey  are  not  taken,  nor 
do  they  exist  in  their  breeding  places,  in  anything  like  equal  numbers. 
For  example:  Only  one  specimen  of  Ce.  (?)  gorgasi  has  been 
found.  Of  the  eleven  species,  the  commonest  ones  are  Ce.  albimana 
A.  pseudopunctipennis  and  Arr.  (  ?)  malefactor ,  but  this  again  must 
be  qualified  by  stating  that  the  predominance  of  a  species  varies  from 
season  to  season  and  from  place  to  place.  In  certain  villages,  upon 
going  through  the  barracks  only  Ce.  albimana  will  be  found,  while 
in  other  villages,  from  five  to  ten  per  cent,  of  the  mosquitos  will  be 
A.  pseudopunctipennis ,  and  at  Ancon  during  October,  190b,  27  per 
cent,  were  A.  malefactor  and  72  per  cent.  Ce.  albimana.  Mr.  A. 
Busck,  of  the  Bureau  of  Entomology,  United  States  Department  of 
Agriculture,  who  collected  and  made  observations  on  Zone 
mosquitos  during  1907,  gave  it  as  his  opinion  that  A.  pseudo puncli 
pennis  was  the  commonest  Anopheline  during  the  period  of  his  stay. 

The  necessities  of  the  canal  operations  in  excavating  and  filling, 
change  the  topography  of  districts  and  localities  so  as  sometimes  to 
convert  salt  marshes  into  fresh  water  ponds,  or  to  make  tracts  of  land 
containing  few  Anophelines,  into  a  vast  swamp  in  which  they 
luxuriate.  On  the  other  hand,  swamps  and  breeding  places  may  be 
drained  or  filled  in  the  work  of  excavation.  I  hese  factors,  among 
others,  influence  the  number  and  variety  of  species  in  a  locality. 

Hie  commoner  Anophelines  of  the  Canal  Zone  nia\  be  div  1 
into  three  groups  :  — 


(A)  I  lie  while  hind- looted  group  comprising: 

Ce.  argyrotarsis, 

Ce.  albimana, 

Ce.  tarsimaculala.  * 

(b,  The  leg  uniformly  coloured  group  comprising: 

A .  pseudo  puncti pennis , 

A.  franciscanus. 

(c)  1  he  spotted  leg  group  comprising  : 

Arr.  (  ?)  malefactor , 

A.  (?)  apicimacula. 

1  hese  groups  present  well-marked  differences  in  the  markings  of 
adults,  m  the  breeding  habits  and  anatomical  characters  of  the 

larvae,  and,  as  will  be  shown,  they  possess  varying  susceptibilities 
to  malaria. 

Hie  following  are  descriptions  of  the  species  of  Anophelines  of 
the  Canal  Zone:  — 


l  et.ua  argyrotarsis 

and  withnXa.rith  rCSOnUtT  hlnish-S^y>  with  three  more  or  less  longitudinal  line 
spots  The  ahnT  eS  °!e!i^j  mesonotum,  and  sometimes  traces  of  two  dark  lateral 
with  dark  scaled  dusky-brown,  with  a  few  creamy  scales.  Legs  covered 

of  hind  le«s  pure  white larsi  apicalIy  white  banded  ;  last  three  joints 
several  smaller  pale  spots  ^  °f  ^  5  COSta  dark  with  two  dislinct  and 

at  the  sideT*  Wfth  wbite  uPr»ght  spatulate  scales  in  front,  black  behind  and 

biack  •  antennae  i"  l-°  .VV,1,te  ha,rs  Projecting  forwards  between  the  eyes.  Eyes 
a  fewpatches  of'  vht  WV  ]  Pa*6  si,ky  Pubescence  and  brown  hair;  basal  joint  dark, 
black  scales  esn  p6  aCa  l'S  °D  t,le  brst  few  basal  joints;  palpi  covered  with  long 
nirrow  wSe^ Tings  o^n  thTln'  n  T*  ^  pure  -hite/Jd  there  are  also  two 
joint  has  a  nnmh  ^  t  pical  ends  of  the  joints;  ventrally,  the  penultimate 

a  ring  -  proboscis^0^6)  ‘'Wl^h' white  scales,  which  sometimes  seem  to  form  al must 
rmg,  proboscis  clothed  w.th  short  dark  scales. 

lines,  the  'niTdd"^  one' m  SIert-S^en’  With  three  more  or  ,ess  distilict  longitudinal 
scattered  over  the  °'S  dlst,Ilct»  and  of  a  purplish  hue,  with  pale  scales 

brown  •  pleurae  darl-'"1"-!^1  ’  scutellum  dark  towards  the  middle;  mesonotum  deep 
dark  ,a,e  alTpi  ,  '  7h'h  herC  a"d  ,h™  ^  <»«»>«»  (there  a™  .races  o< » 
•specimen).  ^  mesonotuin>  wbich  are  clearly  seen  in  the  St.  Lucia 

especially  in  th^middli.PUri-,IS^  «r',Wn’  cIothcd  with  creamy  yellow  scales, 
grey  scales  on  the  postedo^bord  ^  SegmentS;  the  segments  have  lateral  tufts  of 
bright  brown;  viewed  with  ■,  !■ ,  projeft,ng  from  the  sides;  hairs  long,  deep 

colour;  in  other  specimens  dull  ket‘le”s  the  abdomen  is  almost  black  in  ground 
___  specimens  dull  yellowish  reflections  may  be  seen. 

f  *°  'Jheobald  (Monograph  of  Culicidae,  Vol.  V,  p.  69)  identical 
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Legs  yellowish,  covered  with  dark  brown  scales;  first  two  tarsi  of  the  forelegs 
apically  white,  last  two  joints  dark  brown,  four  midtarsi  also  with  small  pale 
apical  bands;  mid  metatarsi  and  first  two  tarsal  joints  with  minute  apical  yellow 
bands,  last  two  indistinctly  banded;  in  the  hind  legs  the  last  three  joints  are  pure 
snow  white,  and  also  the  apex  of  the  first;  ungues  very  dark. 

Wings  with  the  costa  dark,  with  four  distinct  and  several  smaller  white 
patches;  there  are  also  numerous  patches  of  dark  scales,  which  vary  to  some 
extent,  over  the  wing  areas;  in  the  9  ,  from  which  this  description  is  taken,  the 
fourth  long  vein  is  covered  with  pale  dusky  scales,  whilst  in  a  $  from  St.  Lucia, 
it  is  creamy  white;  halteres  with  pale  stem  and  fuscous  knob.  Length,  4  to  5  mm. 

$  Palpi  dark  brown,  with  scattered  white  scales,  especially  on  the  last 
swollen  joints;  hair  tuft  pale;  there  is  a  pale  ring  at  apex  of  the  apical  and  base 
of  the  penultimate  joint;  antennae  brown,  with  brown  plumes;  proboscis  brown 
and  narrow.  The  white  scales  on  the  head  extend  nearly  over  the  neck  ;  scales  on 
the  thorax  white;  the  larger  ungues  of  the  fore-feet  biserrated.  Length,  4  to  5  mm. 

During  the  period  in  which  these  experiments  were  being  conducted  I  received 
very  few  specimens  of  this  species,  the  sources  being  Miraflores,  Ancon,  Culebra, 
Paraiso  and  Corozal.  Two  specimens  of  Ce.  argyrotarsis  bit  a  patient  having  one 
crescent  to  200  leucocytes  and  neither  became  infected.  The  patient  was  possibly 
an  unfavourable  case,  and  the  experiment  was  not  controlled  by  biting  susceptible 
Ce.  albimana  at  the  same  time.  On  December  2nd,  from  some  Anophelines  collected 
in  labour  cars  at  Corozal,  one  specimen  of  Ce.  argyrotarsis  was  found  containing  a 
malarial  zygote,  29/1  in  diameter,  with  fine  discrete  pigment. 

Cell ia  tarsimaculata 

This  mosquito  resembles  Ce.  albimana  very  closely,  except  for  the  different 
arrangement  of  the  white  bands  on  the  palpi.  This  mosquito  was  found  to  transmit 
malaria. 


Cellia  albimana 

This  form  resembles  the  type  in  all  respects  except  that  the  last  tarsal  joint 
in  the  hind-legs  has  a  very  distinct  and  persistent  deep  black  basal  band.  'I  he 
thorax  is  rather  browner  in  some  specimens,  and  there  are  only  two  white  bands 
tothe  5  palpi.  The  forelegs  have  dark-scaled  femora,  pale  underneath,  with  a  small 
white  knee  spot,  the  tibiae  dusky-scaled  and  also  the  metatarsus  above,  pale  below, 
apex  white;  the  first  two  tarsi  have  yellow  apical  bands,  the  third  dark,  and  the 
last  clay  coloured;  mid  legs  with  a  large  white  spot  near  the  apex  of  the  femora; 
mid  tarsi  not  definitely  banded,  but  with  a  faint  pale  band  sometimes  at  the  apex 
of  the  metatarsus;  the  hind  legs  arc  dark  brown,  with  the  second,  third,  and  apex 
of  the  first  tarsal  joints  pure  white,  the  last  joint  white,  with  a  distinct  black  basal 
band;  ungues  as  in  the  type.  Wings  much  as  in  the  type,  but  the  pale  scales  are 
more  yellow  in  colour.  Length,  3  3-5  to  4-5  mm. ;  ?  4  to  4-5  mm. 

This  was  the  commonest  species  of  Anopheline  received  as  adults  or  larvae 
during  the  period  embraced  by  this  work,  and  was  found  to  transmit  both 
malignant  tertian  and  simple  tertian  malaria. 

Cellia  (?)  gorgasi 

I’alpi  as  long  as  the  proboscis,  mostly  black  scaled,  the  terminal  and 
penultimate  joints  light  scaled,  except  at  the  bases  and  apices;  mesothorax  grey 
with  fine  brown  scales,  a  black  spot  in  front  of  the  scutellum,  a  pair  of  sublateral 
black  spots  medially;  wings  with  the  veins  scaled  in  black  and  white,  two  very 
M 
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large  black  patches  on  the  costa  and  a  smaller  one  towards  the  base  and  a  smaller 
one  at  the  apex  as  in  Ce.  albimana,  Weid.  The  rest  of  the  wing  is  too  muck 
denuded  to  describe.  Abdomen  with  groups  of  outstanding  scales  laterally  at 
the  apices  of  the  segments,  the  dorsum  clothed  with  yellow  scales  on  a  dark  browi 
ground,  the  lateral  tufts  black.  Legs  mostly  black-scaled,  hind  legs  with  the  apical 
half  of  the  second,  the  third,  and  the  base  of  the  fourth  joints  white-scaled,  the 
remainder  of  the  fourth  and  basal  half  of  the  fifth  segments  black,  the  third  joint 
with  a  large  black  patch  on  the  under  side  which  reaches  from  near  the  base  to 
beyond  the  middle.  Length,  3*5  mm. 

A  single  adult  female  of  this  species  was  collected  by  Mr.  A.  H.  Jennings. 


A  nopheles  pseudo puncti pennis 


Wings  much  as  in  A.  fuvetipennis.  Say,  but  the  fringe  with  yellow  spots. 
Legs,  long,  unbanded,  brown,  pale  at  the  base.  Fore  ungues  of  S  unequal,  mil 
and  hind  equal  and  simple. 

5  Antennae  brown,  basal  joint  testaceous,  base  of  the  second  joint  pale,  and 
also  a  small  pale  band  at  the  base  of  all  the  following  joints:  proboscis  dars 
brown;  labella  yellowish;  palpi  dark  brown,  densely  scaled  at  base;  apex  yellow, 
and  also  two  narrow  yellow  bands  below,  slightly  hairy,  hairs  black,  except  at 
the  apex  where  they  are  yellow';  clypeus  dark  brown.  Thorax  yellowish-brown 
(denuded),  with  a  dark  patch  on  each  side  of  the  mesonotum  behind;  metanotum 
deep  brown ;  pleurae  yellowish  brown,  with  darker  brown  patches.  Abdomen 
brown,  the  segment  paler  at  the  base,  hairy.  Legs  deep  brown ;  coxae,  trochanter? 
and  base  of  femora  pallid  ;  knee  spot  pale;  ungues  equal  and  simple.  Halteres 
with  pale  stem  and  fuscous  knob. 


M  ings  w'ith  two  yellowish  white  spots  on  the  upper  costal  border,  rest 
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edge  black,  rather  densely'  scaled  ;  first  submarginal  longer  and  narrower  tl 
the  second  posterior  cell,  its  stem  nearly'  as  long  as  the  cell  :  mid  cross-vein  a  link 
nearer  the  base  of  the  w'ing  than  the  supernumerary  cross-vein  ;  posterior  cross-vein 
still  nearer  the  base  of  the  wing;  scales  of  the  wings  disposed  as  follows:— l'r'! 
long  vein  with  three  distinct  large  white  spots,  one  at  the  base,  one  underneath  2 
large  costal  spot,  and  one  between  ;  second  long  vein  with  a  dark  patch  near  it- 
base,  all  the  lower  branch  of  the  fork-cell  dark,  and  most  of  the  upper;  third  long 
vein  mostly  yellowish-white,  with  two  black  patches,  one  towards  the  base,  and 
the  other  towards  the  tip;  fourth  long  vein  mostly  pale,  with  two  small  blac^ 
patches,  branches  cf  the  fork-cell  all  dark  scaled;  fifth  long  vein  with  a  black  spot 
near  the  base,  rest  mostly  yellow,  upper  branch  of  the  fork  mostly  dark,  a  small 
yellow  spot  at  the  apex  and  another  towards  its  base,  lower  branch  mostly  yellowish, 
with  a  black  apical  spot;  sixth  vein  with  the  basal  half  creamy,  the  apical  hah 
ark,  except  a  small  yellow  patch  where  it  joins  the  wing  border;  fringe  brown, 
with  yellow  spot  at  the  junction  of  each  vein.  Length,  c;  mm. 

$  Last  two  joints  of  the  palpi  swollen  and  clavate,  pale;  basal  joints  dark 
brown,  densely  scaled  with  deep  brown  scales,  with  a  narrow  pale  band  not  quite 
as  long  as  the  thin  proboscis,  which  is  brown  with  vellow  labella;  antennae  grey, 
?  riarrow  brown  bands  and  flaxen  brown  hairs,  the  apical  joint  about  half  1 
length  of  the  penultimate  joint;  basal  lobe  of  the  genitalia  simple,  claspers  long 
and  thin;  fore  ungues  unequal,  the  larger  one  uniserrated,  the  smaller  minute  and 
W*S«nild|fndiihlnl  UngUes  sma11-  eclual  and  simple.  Wings  much  as  in  the  2 
Cr.  H  m r  5  Sh0rtcr-  Length’  s  mm.,  with  proboscis  7-5  mm.  Habitat, 
■  lenada  (Dr.  Hay  ton,  per  Dr.  Daniel).  Time  of  capture,  February. 

winp  frfnffatK>I'S  '  ery  '*ke  $unct*tenn*s>  Say,  but  can  at  once  be  told  by  the 
sixth  '  ge  be,ng  spotted  at  the  apex  of  each  nerve,  and  by  the  marking  of  the 
g  \ein.  he  description  is  drawn  up  from  two  specimens  in  balsam, 
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that  the  scale  structure  is  not  evident.  It  is  so  very  distinct,  however,  that  it 
can  easily  be  identified  by  the  characters  given  below.  I  succeeded  in  infecting 
four  specimens  of  this  species. 

Mr.  August  Busck  found  this  species  to  be  the  commonest  and  most  widely 
distributed  one  in  the  Zone  during  the  season  in  which  his  collections  were  made, 
April -July,  1907. 


Anopheles  franciscanus 

Male:  Head  dark  brown,  with  short,  dark,  erect  scales  towards  nape, 
emarginate  and  slightly  forked,  vertex  and  anterior  part  of  occiput,  with  short, 
light  brown  scales  not'  forked,  a  tuft  of  light  brown  hairs  projecting  forwards 
between  the  eyes,  a  row  of  similar  hairs  projecting  forwards  encircling  the  eyes 
posteriorly;  eyes  deep  purplish  brown;  antennae  about  two-thirds  length  of  palpi, 
yellowish-brown  hairs,  basal  joint  dark  brown;  palpi  equalling  proboscis  in 
length  with  emarginate  scales  from  base  to  tip  on  under  and  outer  surfaces,  those 
upon  outer  surface  dark,  upon  under  surface  light,  long  light  hairs  covering 
distal  third,  becoming  short  and  stout  at  the  apex,  a  slightly  banded  appearance 
at  base  of  three  distal  segments;  two  distal  joints  spathulate,  proboscis  scaled 
except  labella,  labella  covered  with  medium  stout  setae,  a  few  light  hairs  at  apex. 

Thorax:  Prothoracic  lobes  dark;  mesothorax  dark  brown  at  the  sides,  with 
scattered  light  hairs,  a  broad  light-brown  patch  in  the  middle;  within  this  light 
area  a  median  line  and  obscure  lateral  lines;  scutellum  light  with  single 
horizontal  row  of  hairs;  metanotum  dark  without  hair;  halteres  dark,  coverec 
with  thick  pubescence  and  emarginate  scales;  stalks  light  without  scales. 

4bdoraen,  basal  area  of  each  segment  light,  covered  sparingly  with  long, 
light  hairs;  two  stiff  hairs  on  posterior  margin  of  distal  segment,  stout  hairs  on 
margin  of  genital  lobes. 

Legs,  coxae  and  trochanter  light;  trochanters,  femora,  tibiae,  and  tarsi 
covered  with  short,  dark,  emarginate  scales  and  setae;  ungues  of  front  egs  very 
unequal,  the  larger  one  with  a  large  median  tooth  and  a  smaller  basal  lobe; 
middle  ungues  covered,  with  blunt  basal  lobes ;  posterior  ungues  equa  ,  simp  c ; 
posterior  metatarsus  slightly  longer  than  tibia. 

Wings  with  dark  costa,  with  two  distinct,  nearly  equal,  yellow  spots— one  at 
distal  end  of  subcostal  vein,  one  at  and  involving  distal  end  of  first  long  vein; 
hinge  dark,  with  a  yellow  spot  at  the  end  of  each  vein  except  at  the  end  oi  the 
sixth;  the  first  spot  carried  on  to  the  first  long  vein,  the  apical  spot  carried  past 
long  vein  on  to  the  upper  branch  of  the  second  long  vein  ;  the  second  long  vein 
dark  except  for  a  few  basal  light  scales;  third  long  vein  yellow  in  the  middle,  dark 
at  the  base  and  apex;  light  area  at  base  of  third  long  vein,  carried  over  the  fourth 
on  to  the  upper  branch  of  the  fifth,  with  a  few  light  scales  at  base ;  main  brand, 
of  fifth  long  vein  light,  except  at  base  and  apex;  distal  half  of  sixth  long  vein 
dark,  except  at  apex,  basal  half  light;  subcostal  with  a  light  spot  carried  to  the 
first  long  vein  (in  one  specimen  the  light  spot  on  sub-costal  missing),  ir 
vein  prolonged  slightly  into  the  basal  cell;  first  sub-marginal  longer  an  s  *§ 
narrower  than  second  posterior  cell,  stem  twice  the  length  of  the  ce  ,  s  em  o  . 
posterior  cell  prolonged  to  base  of  wing  ;  supernumerary  cross-vein  adjacent  , 
or  but  very  shortly  removed  from  mid  cross-vein  and  equal  to  it  in  eng 
removed  nearer  to  apex  of  wing;  posterior  cross-vein  a  lift  e  °^Ser. 
cross-vein  and  varying  in  distance  from  it,  from  one-half  to  a  mos  wice 
length;  third  long 'vein  prolonged  slightly  into  the  basal  cell,  darkest  scale 
costal,  sub-costal  and  first  long  veins. 

Palpi  of  the  female  equalling  proboscis  in  length,  light  area  at °.  *  r^\ 
distal  segments,  giving  a  banded  appearance,  clothed  with  sea  e>,  s 


setae,  as  in  male,  distal  joints  not  spathulate;  legs  with  the  ungues  equal,  otherwise 
with  the  male. 

Xo  specimens  of  this  species  were  infected,  but  as  they  are  so  close  to 
A.  pseudo  punctipennis  it  might  have  been  possible  to  infect  a  few  if  a  large  number 
had  been  used. 


A  rribalzagia  (?)  malefactor 

$  Palpi  long,  clothed  with  brown  scales  and  black  outstanding  ones,  which 
are  grouped  more  or  less  in  tufts,  heaviest  on  the  basal  portion,  a  slight  sprinkling 
of  lighter  scales  among  the  brown  ones,  particularly  at  the  bases  of  the  dark  tufts; 
occiput  black  scaled,  the  eyes  margined  with  white  above,  and  where  they  join  it 
a  tuft  of  white  hairs;  mesonotum  grey  with  reddish  and  bluish  tinge  and  small 
dark  freckles  tending  to  form  longitudinal  rows,  sparsely  distributed  narrow 
yellowish  scales,  a  spot  at  the  base  extending  over  the  middle  of  the  scutellum  and 
two  small  sub-lateral  back  spots  medially,  all  three  of  these  show  a  lighter  margin; 
abdomen  slender,  grey,  with  lateral  tufts  of  outstanding  black  scales  at  the  apices 
of  the  segments;  legs  with  the  femora  and  tibiae  black,  freckled  with  white;  on 
the  hind  tibiae  yellow  scales  predominate;  tarsi  black,  ringed  with  yellowish -white; 
on  the  hind  legs  the  first  tarsal  joint  is  dark  at  the  base,  light  at  the  apex  and  has 
six  white  rings  of  different  lengths,  second  joint  narrowly  white  at  base,  broadly 
so  at  apex,  with  a  moderately  broad  white  ring  near  the  middle  and  another 
narrower  one  between  it  and  the  base,  third  and  fourth  joints  white  ringed  at  base 
and  apex  with  a  broad  central  white  ring,  apical  segment  entirely  whitish  scaled; 
wing  spotted,  black  and  white,  a  large  black  patch  margined  with  white  on  the 
costa  near  the  middle,  more  basally  a  smaller  costal  patch  and  towards  the  apex 
another  large  one,  all  margined  with  white,  scaling  of  the  veins  in  patches  of 
black  and  white  scales,  the  third  vein  with  a  small  black  spot  at  the  base,  the  sixth 
vein  with  many  black  dots  and  dashes.  Length,  4-5  mm. 

s  Palpi  with  the  apical  portion  clubbed,  clothed  with  yellow  scales  with 
golden  lustre,  a  narrow  dark  ring  at  the  middle  of  the  club,  the  shaft  ringed  with 
dull  ochreous  at  the  apex  and  at  the  constriction  and  broadly  marked  with  the 
same  colour  on  the  apical  portion ;  antennae  pale  brown  and  ferruginous  with 
silky  lustre.  Length,  4-5  mm. 

...  1  Ilis  ,ar8je  and  beautiful  Anoplieline  was  received  in  good  numbers  from 
.  iraaores  and  Ancon.  Its  name,  however,  appears  to  be  a  misnomer,  for  it  could 
not  be  infected  with  malaria  under  the  most  favourable  conditions. 


Anopheles  (?)  apicitnacula 

ving11  ^  stridimac"lo ,  D.  and  K.,  but  with  a  distinct  black  costal  apical  spot 


Anopheles  (?)  strigimacula 


the  bases°of  'the'ust  ’t  Pa'Pl  ?S  as  the  Prob°scis,  black,  a  few  whitish  scales  a 

erect  black  scales  I  Z  *  °f  the  ,onS  Ocdput  black,  clothed  wit! 

hairs  at  the  vete;  ^  °f  °nes  in  the  of  the"  vertex,  a  tuft  of  pal 


Mesonotum  narrow,  elongate, 
angle  and  one  on  the  ant-scutellar 
small  black  tubercles.  Scutellum 
middle,  clothed  with  pale  bristles 
coxae  with  patches  of  white  scales 


greyish,  pruinose,  a  black  spot  below  the  lateral 
space;  vestiture  of  fine  pale  hairs  arising  from 
collar-like,  greyish,  with  a  black  spot  in  the 
Pleurae  and  coxae  blackish  with  fine  hairs,  the 
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Abdomen  with  the  tip  truncate,  brownish  black,  clothed  with  numerous  fine 
pale  hairs;  a  row  of  lateral  segmental  posterior  tufts  of  black  spatulate 
outstanding  scales;  beneath  with  tufts  of  black  scales  and  with  scattered  white 
ones. 

Wings  hyaline,  the  petiole  of  the  second  marginal  cell  as  long  as  its  cell ;  basal 
cross-vein  distant  about  its  own  length  from  the  anterior  cross-vein  ;  scales  of  the 
veins  ovate,  white  on  the  costa  and  first  vein,  pale  yellow  on  the  others,  with  black 
scales  and  spots  as  follows  : — 

Three  costal  spots,  the  first  small,  involving  two  veins,  the  others  large, 
involving  three  veins,  the  membrane  beneath  infuscated  ;  no  apical  spot;  costa  and 
first  vein  with  two  or  three  little  black  spots  between  each  of  the  large  ones,  the 
outer  spot  involving  the  base  of  the  fork  of  the  second  vein  ;  each  fork  with  two 
little  spots  beyond ;  third  vein  with  two  spots  at  the  base  and  two  at  the  tip ;  fourth 
vein  with  a  spot  at  the  base,  a  large  one  involving  the  base  of  the  fork,  three  on 
the  upper  branch  and  two  on  the  lower ;  fifth  vein  with  some  black  scales  at  the 
base,  five  spots  on  the  upper  fork,  two  on  the  lower ;  sixth  vein  with  some  irregular 
black  scales  toward  the  base,  a  spot  in  the  middle  and  one  at  the  tip. 

Legs  long  and  slender,  black,  speckled  with  white.  Femora  with  about  eight 
spots;  tibiae  with  about  fourteen,  being  about  as  many  black  scales  as  white  ones; 
hind  tarsi  with  ten  spots  on  the  first  joint,  second,  third  and  fourth  joints  white 
at  the  base  and  tip,  with  a  ring  beyond  the  middle ;  fifth  joint  all  white.  Front 
tarsi  with  narrow  white  rings  at  bases  and  apices  of  the  joints,  the  last  entirely 
pale;  mid  tarsi  not  distinctly  ringed.  Claw  simple.  Length  about  5  mm.;  of  the 
wing,  4  mm. 

Anopheles  (?)  punctimacnlata 

As  in  A.  slrigi  macula,  D.  and  IC.,  but  the  last  vein  with  a  row  of  black  dots. 

Only  one  specimen  of  this  species  is  known.  It  was  taken  at  Colon  (W.  M. 
Black,  collector). 


Anopheles  (?)  cruzii 

This  species  was  examined  only  in  the  larval  state,  through  the  kindness  of 
Mr.  A.  H.  Jennings.  No  adult  specimens  were  obtained  and  none  ever  received 
from  or  taken  from  quarters.  This  is  significant  on  account  of  the  peculiar 
tree-living  habits  of  this  species,  and  the  probably  groundless  fear  that  it  might 
be  a  malaria  carrier. 


Anopheles  (?)  eiseni 

Near  A.  maculipennis,  but  with  a  patch  of  whitish  scales  on  the  first  vein 
before  its  middle  and  another  at  its  apex,  also  the  apical  fourth  of  the  in  ti  lae 
is  yellowish-white.  Halteres  black,  the  stem  whitish;  coxae  and  a  vitta  on  lower 
part  of  pleura,  yellow,  femora  yellowish -brown,  apical  fourth  of  lund  tibiae 
yellowish-white;  antennae  of  male  whitish,  the  first  joint,  last  two,  and  fascia  on 
each  of  the  others,  brown  ;  scales  of  palpi  black,  those  of  apex  and  two  bands  in  e 
female,  three  in  the  male,  white;  scales  of  occiput  black,  those  in  the  midd  e so 
upper  part  white;  mesonotum  greyish  pruinose,  marked  towards  eac  1  si  e  'V1 
velvet  black  vitta;  scales  of  abdomen  black,  the  hairs  yellowish,  scales  of  fern 
and  tibiae  mixed  black  and  whitish,  those  on  the  apical  whitish  por  ion 
tibiae  white,  those  on  the  tarsi  black  ;  tarsal  claws  on  female  simple ;  wings  y  a  , 
the  veins  and  scales  brown,  a  dense  patch  of  black  ones  at  base  o  s^°11  .  ,  ’ . 

larger  one  on  the  cross-veins  and  a  smaller  one  at  bases  of  fir=  su  -  g 
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of  second  posterior  cell,  a  small  patch  of  yellowish-white  scales  on  first  vein  before 
its  middle  and  another  at  its  apex,  the  latter  spot  encroaching  upon  the  costal 
vein.  Length,  3-5  mm. 

It  would  have  been  of  considerable  interest  to  determine  the  susceptibility  of 
A  eisetii  and  A.  cruzii  to  malaria  on  account  of  their  peculiar  tree-living  habits,  but 
it  was  almost  impossible  to  obtain  larvae  of  those  species;  and  among  hundreds  of 
Anophelines  caught  within  quarters  and  barracks  which  were  examined  and 
dissected,  no  specimens  of  this  species  were  ever  seen.  It  is  extremely  unlikely 
that  they  play  any  part  whatever  in  the  transmission  of  malarial  fever  in  the 
Canal  Zone  at  this  time.  The  larvae  of  these  species  proved  extremely  interesting 
in  comparison  with  the  commoner  species,  such  as  Ce.  albimana,  A.  fscudofuncti- 
fennis  and  Arr.  (  ? )  malefactor,  the  anatomical  characters  of  the  former  indicating 
definitely  a  very  marked  alteration  in  habits. 


COLLECTION  OF  LARVAE 

In  order  that  a  large  number  of  adults  could  be  kept  on  hand 
from  day  to  day,  it  was  arranged  that  sanitary  inspectors  at  the 
various  districts  along  the  Panama  Railroad  should  send  bottles 
containing  larvae  and  pupae  to  the  laboratory  daily.  Special 
collections  of  larvae  were  also  made  and  excursions  to  breeding 
places  made  from  time  to  time.  Upon  receiving  them  at  the 
laboratory,  larvae  were  transferred  to  a  glass  moist  jar  partly  filled 
with  fresh  water.  Predaceous  larvae,  such  as  dragon-fly  larvae 
were  removed  or  killed  and  the  Anopheline  larvae  transferred  to 
leeding  tanks  containing  algae  and  organic  debris.  These  glass 
breeding  tanks  were  placed  on  a  table  in  front  of  a  window  having 
an  eastern  exposure  so  that  they  got  direct  sunlight  for  a  few  hours 
in  the  morning.  1  he  water  in  the  breeding  tanks  was  kept  fresh  and 
free  from  fouling  by  passing  a  jet  of  air  through  it  with  a  Pacquelin 
cautery  bulb,  having  a  heavy  glass  perforated  tip.  This  proved  to 
be  a  very  important  addition  to  the  technique  of  breeding  out  larvae. 
P  or  shade  and  shelter  a  few  Lemma  plants  were  placed  in  the  tank. 

Several  writers,  collectors,  and  malarial  investigators  have 
mentioned  the  difficulties  attendant  upon  the  breeding  out  of 
Anopheles  mosquitos  from  ova  or  very  young  larvae.  Others  have 
not  mentioned  the  difficulties  encountered  or  have  not  described  the 
means  used  to  obviate  them.  Banks,  in  the  Philippine  Journal  of 
cience,  Vol.  II,  No.  6,  December,  1907,  states,  ‘In  laboratory 
breeding  experiments  the  plants  in  the  water  begin  to  die  within 
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'three  to  five  days,  while  the  larvae  appeared  to  feed  in  a  desultory 
‘manner.  The  time  for  their  natural  transformation  to  the  pupae 
‘comes  and  goes  and  they  still  remain  as  larvae.  The  foulness  of 
‘the  water,  due  to  organic  decomposition,  appears  not  to  affect 
‘them,  but  on  the  other  hand  the  lack  of  proper  food  seems  to  cause 
‘them  to  remain  in  an  indefinite  larval  state  until  after  three  weeks 
‘or  more  they  gradually  begin  to  die.’ 

A  very  simple  and  satisfactory  method  for  keeping  the  breeding 
tanks  fresh  and  clean  and  free  from  decomposition  was  devised.  1  he 
principle  involved  is  that  of  aeration— preventing  the  development 
of  an  anaerobic  condition  in  the  water  of  the  breeding  tank  by 
passing  a  fine  jet  of  air  through  the  water  of  the  tank  once  or  twice 
a  day.  It  is  well  known,  of  course,  that  if  natural  water  from 
streams,  pools  or  ditches  be  placed  in  a  glass  tank,  exposed  to 
diffuse  sunlight  and  undisturbed,  after  a  few  days  the  chloroph)  11- 
bearing  plants  begin  to  disappear,  a  pellicle  forms  on  the  surface  of 
the  water,  which  contains  bacteria,  spirilla,  flagellated  protozoa, 
amoebae,  etc.  Beneath  this  surface  film  decomposition  goes  on 
rapidly,  chlorophyll-bearing  forms  are  destroyed  or  become 
encysted,  and  the  various  insect  larvae  and  water-bugs  die.  The 
bacteria  in  the  deeper  portions  of  the  water  aie  largely  anaerobes, 
and  are  associated  with  the  putrefactive  decomposition  of  the 
vegetable  matter  and  animal  matter  in  the  tank.  Banks  describes 
exactly  the  effect  on  mosquito  larvae  of  this  putrefying  vegetable 
matter.  The  odour  arising  from  the  tanks  suggested  the  necessity 
of  aeration  to  prevent  the  growth  of  the  anaerobic  bacteria.  Acting 
on  this  suggestion  an  air  jet  was  devised  by  attaching  a  thick  g  ass 
rod,  having  a  fine  capillary  central  canal  to  the  double  bulb  o  tie 
Pacquelin  cautery  apparatus  and  the  breeding-out  jars  aerated  tor 
a  minute  or  two  morning  and  evening.  1  he  results  w'cie  lg  1  y 
satisfactory,  for  the  tanks  were  by  this  means  kept  clean  an 
wholesome.  The  algae  remained  green  and  vigorous,  the  larvae 
active  and  developed  rapidly  into  pupae,  the  water  remaine  qui 
dear,  in  fact,  with  its  floor  of  sand  and  clay  and  a  few  sPnSs  ° 
green  aquatic  plant,  such  as  Lenina,  looked  as  tempting  to  rm 
as  spring  water.  The  temperature  of  the  water  in  the  tan^s  ianfae 
between  72°  and  84°. 
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BREEDING  OUT— METHODS  OF  FEEDING 

Pupae  were  collected  in  the  morning  and  evening  and  placed  in 
breeding-out  tubes  half  filled  with  water  and  plugged  with  cotton. 
Each  morning  the  newly  emerged  mosquitos  were  transferred  to 
biting-jars.  These  biting-jars  were  modified  from  those  described 
bv  Stephens  and  Christophers.  After  trying  pickle  jars  and  malted 
milk  jars  with  much  impatience,  jars  made  of  lantern  chimneys  were 
used.  I  hese  were  covered  on  both  ends  with  crinoline  gauze, 
fastened  with  a  string  or  a  strong  rubber  band.  Inside  the  jar  was 
placed  a  circular  ring  platform  of  stiff  paper,  which  many  of  the 
mosquitos  used  as  a  resting  place.  About  twenty  mosquitos  would 
be  placed  in  a  jar  over  a  small  Stender  dish*  containing  water  on  a 
Petri  dish  cover  with  a  raisin  or  a  piece  of  date  for  food.  The  jar 
would  then  be  placed  on  a  shelf  in  a  dimly-lighted  place,  protected 
rom  ants  by  kerosene  cups.  Adult  mosquitos  may  be  kept  alive 
or  several  days  in  such  jars  if  they  are  fed  with  dates  or  raisins 
an  a  few  drops  of  water,  but  if  fed  daily  they  will  not  bite  and 
SUC  3  ooc*  with  alacrity.  Anophelines  do  much  better  if  they  have 
one  or  two  preliminary  blood-meals  before  being  fed  with  dates, 
laisins  or  bananas.  In  several  experiments  it  appeared  that  in  the 
mid-gut  of  mosquitos  gorged  with  stale  banana  and  the  associated 
ac  eria  and  yeasts,  the  fermentative  acid  contents  either  destroyed 
age  a  of  gametes,  or  in  some  other  way  prevented  the 
e  opment  of  zygotes  in  the  mid-gut  of  susceptible  mosquitos, 
e  experiment  a  patient  whose  blood  contained  almost  as  many 
s  as  eucocytes  was  bitten  by  four  varieties  of  mosquitos; 
ee  of  the  four  being  susceptible  species,  yet  none  became  infected. 

Ihm  failure  might  be  attributed  to  the  feeding  on  bananas. 

dates  ra'c‘le  ra°;rtOS  WGre  USec*  *or  biting  they  were  fed  with 

and  disse  T  S  and  bananas’  whenever  they  were  to  be  kept  for  biting 

Tl  ZTTll  “  7s  f°Und  th3t  th°Se  fed  “*  dates  and  raisins 

mosaics V  factions,  while  the  mid-guts  of  banana-fed 

caused  the  H y  C°ntamed  man>-  >’easts  a”d  bacilli  which 

“ntation  d  /°me  °f  the  mOSCluitos'  aPPa*cntly  as  a  result  of 
'  and  frequently  yielded  partly  softened,  tender  and 

*  A  •  Stender-dish  '  is  one  with  a  oflhe  dish,JE 


disintegrated  intestinal  tracts,  which  were  removed  intact  with 
difficulty,  and  were  occasionally  lost.  Bananas  should  never  be 
used  as  food  when  dates  or  raisins  can  be  obtained. 

Mosquitos  were  kept  in  these  biting-jars  until  a  suitable  case  of 
malaria  presented.  The  blood  of  patients  selected  to  be  bitten 
contained  gametes  or  sexual  forms  of  the  malarial  parasite  in  their 
circulating  blood  in  numbers  sufficient  to  infect  susceptible 
anophelines.  The  method  of  determining  this  point  will  be 
considered  later. 

BITING  AND  INFECTING  EXPERIMENTS 

The  earlier  biting  experiments  were  conducted  at  about  8 
o’clock  in  the  evening.  After  selecting  a  patient  the  jar  of 
mosquitos  was  placed  on  the  patient’s  forearm  and  covered  with  a 
heavy  towel  to  prevent  the  disconcerting  effect  of  light.  Females 
several  days  old,  that  had  been  fed  exclusively  on  dates  or  raisins, 
would  generally  bite  greedily,  and  would  feed  on  successive  or 
alternate  nights  if  given  an  opportunity.  Most  females  would  bite 
twenty-four  or  more  hours  after  emerging,  but  before  that  period 
they  would  generally  make  no  attempt  to  do  so.  When  a  jar  is 
placed  over  a  patient’s  forearm  the  mosquitos  that  are  going  to  bite 
will  almost  always  do  so  within  a  few  seconds.  If  they  show  no 
inclination  to  visit  the  arm,  a  few  gentle  puffs  into  the  opposite  end 
of  the  jar,  through  the  crinolin  gauze,  will  make  them  change  their 
position  and  frequently  take  up  one  on  the  patient’s  forearm. 
Another  method  that  was  used  successfully  was  to  have  the  patients 
bed  in  the  dark.  If  the  jar  were  then  gently  tapped  two  or  three 
times  and  aimed  at  a  light  down  the  ward  some  distance  away  the 
mosquitos  would  always  take  up  a  position  on  the  gauze  facing  the 
light.  The  patient’s  forearm  could  then  be  carefully  interposed 
and  placed  on  the  gauze,  when  the  mosquitos  would  frequently  take 
the  hint  and  feed.  Strong  lights  are  powerfully  attractive  to 
female  Anophelines  and  interfere  considerably  with  successful 
bitings  unless  the  jars  are  darkened  by  means  of  a  thick  cloth,  the 
patients  taken  into  a  dark  room,  or  the  mosquitos  very  hungry. 

Later,  it  was  more  convenient  to  conduct  the  biting  about 
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4  o  clock  in  the  afternoon,  and  on  these  occasions  it  was  generally 
necessary  to  cover  the  jars  well  with  a  thick  towel.  b  ' 

Two  classes  of  patients  were  used  :  Spanish  labourers  and  West 
Indian  negroes,  the  former  rarely  objected  to  being  bitten,  the  latter 
occasionally  fretted  a  little.  Both  classes  of  patients  were  rather 
obtuse  mentally  and  occasionally  would  not  feel  the  bite,  or  would 
not  be  able  to  tell  correctly  the  number  of  them.  One  reason  for 
this  is  to  be  found  in  the  limits  of  the  number  of  separate  points  of 

pain  appreciable  within  a  radius  of  three  inches— the  biting  area  of 
the  jar. 


The  Spanish  patients’  hands  occasionally  reeked  with  the  odour 
of  cigarette  smoke,  and  a  few  of  the  West  Indians  had  used 
citronella  to  prevent  sand-flies  from  biting,  but  in  neither  instance 
did  this  interfere  with  the  feeding  of  mosquitos.  The  hungry 
females,  if  undisturbed,  will  gorge  themselves  with  blood  and  not 
infrequently  will  expel  a  drop  or  two  of  bloody  fluid  per  anum, 
This  not  only  occurs  at  the  first  feeding  but  has  been  observed  at 
subsequent  feedings. 

After  as  many  of  the  females  as  will  bite  have  done  so,  the  jars 
are  taken  to  the  laboratory,  one  of  the  gauze  covers  carefully 
removed  and  at  the  same  time  replaced  by  a  card  which  is  slipPed 
out  when  the  jar  is  placed  on  a  Petri  dish.  The  Petri  dish  contains 
a  small  Stender  dish  with  a  few  drops  of  water  and  a  split  raisin  or 
two.  The  jar  is  then  placed  on  an  ant-proof  shelf  in  a  dimly-^hted 
place  and  under  these  conditions,  with  fresh  food  and  water, 
nophelmes  may  be  kept  alive  for  two  or  three  weeks.  If  °ne  ^ 

ur r«m°ST  u  *  ”  thG  CVenin£  and  does  ^t  care  to  transfer  * 

uncover  tlmrn  by  artificial  light,  the  gauze  may  be  moistened 

morning  PS  ^  ^  ^  ^  jars  Placed  on  the  shelf  a"*1 

At  the  time  of  biting  the  patient,  two  or  three  good  blood 
for  taming  were  taken  and  differential  counts  of  leucocy  tes  as 
tie  proportion  of  gametes  to  leucocvtes  made  the  ^  l 

was  pofsiblf  ^  f  meanS’  and  by  an  °CCasionaI  ^ucocyte  ^ 

was  possible  to  estimate  from  films  the  number  of  gametes  ^ 

by  the  mosquito  in  feeding.  s 


. 
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ESTIMATION  OF  GAMETES 


The  estimation  of  the  number  of  gametes  ingested  by  the 
mosquito  gives  one  an  idea  as  to  the  grades  of  infection  to  be 
encountered  in  the  mosquito,  and  this  has  indirectly  a  practical 
bearing  which  will  be  discussed  later. 

Leucocyte  counts  taken  during  convalescence  in  malarial  fever 
generally  show  a  number  not  far  removed  from  the  normal.  It  was 
possible,  then,  to  estimate  the  number  of  gametes  by  counting  the 
number  met  with  while  enumerating  the  leucocytes  during  the 
differential  count.  Such  a  gamete  count  was  made  from  the  blood 
of  every  patient  bitten. 

Mosquitos  were  weighed  before  biting  and  after  biting,  and  the 
amount  of  blood  ingested  estimated  in  this  way. 


Weights  of  Mosquitos 


Ce.  albimana  bred  in  laboratory,  twenty-four  hours  old,  mid-gut 

empty  ...  ...  ...  . 

Ce.  albimana  bred  in  laboratory,  moderate  blood  feeding . 

Ce.  albimana  caught  in  labour-cars,  some  blood  in  mid-gut,  half 

developed  ova  . 

Ce.  albimana  caught  in  labour-cars,  much  blood  and  early 

development  of  ova  ...  . 

Ce.  albimana  caught  at  barracks,  blood  in  mid-gut,  no  development 

of  ova  .  . 

Ce.  albimana  caught  at  barracks,  blood  in  mid-gut,  no  development 
of  ova  . 


Weight. 

00008 

00016 

0-0019 

0-0035 

o-oo  1 8 

0-0021 


The  average  weight  of  mosquitos  twenty-four  hours  old  was 
0-ooo8  gramme,  while  the  average  weight  of  mosquitos  from  the  same 
brood  that  had  bitten  and  taken  a  moderate  amount  of  blood  was 
crooi6  gramme.  The  average  weight  of  blood  ingested  being  then 
1  '  08  gramme,  approximately  o-ool  gramme.  Assuming  the  specific 
gravity  of  blood  in  malarial  fever  with  slight  anaemia  to  be  1  050,  then 
105  :  100  :  :  00008  :  000076 1  =  the  volume  of  0-0008  gramme  of 
blood.  Now  if  there  were  22  gametes  per  100  leucocytes,  as  in 
Experiment  38,  and  6,500  leucocytes  per  mm.3  as  they  were, 
by  actual  count,  there  would  be  22x65x0-761  =  1088  gametes 
ingested.  If,  under  the  most  favourable  circumstances,  there  are 
equal  number  of  male  and  female  gametes,  there  should  have  een 
about  1,632  zygotes  in  this  mosquito’s  mid-gut  after  three  ee  ings, 
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but  as  a  matter  of  fact,  there  were  only  about  fifty,  showing  a  Ik 
o  a  ou  9/  per  cent.  This  loss  may  be  partly  explained  by  an 
servation  on  the  fate  of  gametes  in  vitro  and  in  vivo ,  when  it  .as 
noticed  that  fully  50  per  cent,  of  gametes  were  phagocyted  by 
polymorphonuclear  leucocytes.  This  last  is  truly  surprising,  becao* 
this  type  of  leucocyte  in  the  circulating  blood  of  man  rarely  plays 
any  part  in  malarial  phagocytosis,  save  in  pernicious  infections, 
when  it  will  then  engulf  parasites  and  pigment.  Usually  it  is  (be 

large  mononuclear  and  endothelial  cells  which  phagocyte  malanai 
parasites  and  pigment. 

In  Experiment  41,  blood  specimens  from  a  patient  taken  on 
admission  contained  g2  crescents  per  ,00  leucocytes.  Fresh 
preparations  examined  fifteen  to  twenty  minutes  after  being  taken, 
contained  many  pigmented  extra-cellular  parasites,  some  svitb 
uiescen  pigment,  others  with  pigment  dancing  in  a  circle  around  1 

one  fillH  Cenne'  C  ^  flagella  in  some  Ms-two  in 

cells  I  ”e  flageI,um  was  seen  attached  to  several  red  blood 
det-arh  ri  m°Vln^  W‘1^  extreme  violence,  but  without  becoming’ 
Dolvm 6  h  a  ”Umber  of  the  gametes  became  phagocyted  by 

^”7  c?“‘ T  leUCOC>'tes>  one  °f  the  latter  had  phagocyted  two 
polvmomh'  T  specimens  showed  numerous  gametes  within  the 
polymorphonuclear  leucocytes;  one  free,  detached  flagellum  was 

a TrJrZ  t  rmeteSWere  globular  with  hnear  pigment  and 
surrounding  ^chromatin  rin^  C°ntained  Sranular  pig*®*' 

achromatic  space  on  its  interfor  ^  ^ 

care  of  mosquitos  after  biting 

Patients, "or,' This  “esired  ^  fr<M 

zygotes  they  ire  feH  °  ascertam  t}ie  rate  of  development  of 

ants ;  otherwise  valmible^  ^  infected  mos<3uitos  be  protected  from 

removed,  with  nothing  butT^TandT  ^  dUring  ^  nigh‘  * 
t  wings  and  legs  to  mark  the  loss. 
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Mosquitos  may  be  transferred  one  at  a  time  from  the  biting  jar, 
and  from  day  to  day  killed  and  dissected.  Chloroform  and  cyanide 
may  be  used  for  killing.  Chloroform  is  more  conveniently  used,  but 
cyanide  yields  better  preparations  when  it  is  desired  to  preserve  most 
of  the  mosquito  for  identification,  for  the  reason  that  cyanide  causes 
the  mosquitos  to  spread  their  wings. 

METHOD  OF  EXAMINING  FOR  SPOROZOITES  AND  ZYGOTES 

First  it  should  be  said  that  successful  dissections  can  only  be 
obtained  with  killed  specimens.  Mosquitos  that  have  been  dead 
twelve  or  more  hours,  particularly  if  they  had  fallen  on  the  water, 
have  become  so  macerated  that  the  cells  of  the  mid-gut  or  salivary 
glands  separate  and  float  away,  it  being  impossible  to  retain  the 
organ  intact.  When  an  examination  of  the  salivary  glands  is  desired, 
the  wings  and  legs  of  the  mosquito  are  trimmed  off  with  a  small,  sharp 
entomological  knife.  The  distal  half  of  the  thorax,  with  the  abdomen, 
is  removed  by  a  transverse,  clean  cut,  the  mosquito  being  laid  on  a 
piece  of  white  cardboard.  With  a  small  pair  of  forceps  the  proboscis 
is  grasped,  and  the  specimen  laid  on  a  drop  of  saline  solution  on 
a  Stender  dish  cover  under  the  dissecting  microscope.  The  chitinous 
covering  of  the  thorax,  just  behind  the  nape,  is  carefully  slit,  or  torn, 
and  the  muscle  organ  beneath  loosened  slightly  ;  then  by  pulling  out 
the  proboscis  with  one  needle  and  holding  the  chitinous  thoracic 
covering  with  the  other,  the  salivary  glands  will  be  drawn  out.  They 
should  be  cut  off  from  the  head  by  a  small,  very  sharp  knife,  and 
picked  up  with  the  point  of  a  bright  needle  and  placed  in  saline 
solution,  io  per  cent,  formalin,  or  films  made  for  staining. 

The  sporozoites  will  be  seen  cither  free  or  in  epithelial  cells,  or  in 
the  duct  of  the  salivary  glands;  appearing  as  thin,  slightly  curved, 
spindle-shaped  bodies,  placed  side  by  side,  frequently  as  though 
matted  together. 

METHOD  OF  EXAMINING  FOR  ZYGOTES 

The  identified  mosquito  is  laid  on  a  piece  of  white  cardboard,  the 
abdomen  cleanly  and  carefully  removed  by  a  transverse  cut,  just 
behind  the  thorax,  and  placed  on  a  glass  slide,  or  better,  the  under 
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surface  of  a  Stender  dish  cover,  with  a  drop  of  saline  solution.  Under 
the  dissecting  microscope  with  the  reflector  properly  adjusted,  the 
hind-gut,  mid-gut,  Malpighian  tubules  and  ovaries  are  withdrawn  by 
pulling  carefully  on  the  last  abdominal  segment  with  one  needle  and 
holding  the  first  abdominal  segment  by  a  corner  with  another  needle. 
The  mid-gut  is  separated  from  the  hind-gut  and  Malpighian  tubules 
as  well  as  possible  and  transferred  to  a  slide  on  the  point  of  a  needle, 
which  should  be  sharp  and  well  burnished,  where  it  may  be  examined 
m  saline  solution,  formalin,  or  by  other  methods.  When  the  mosquito 
has  been  dead  several  hours,  the  mid-gut  cannot  be  withdrawn  intact 
n  this  event,  it  is  generally  necessary  to  split  the  chitinous  abdomen 
open,  and  search  carefully  for  as  much  of  the  mid-gut  as  may  have 
e  together.  Zygotes  can  be  detected  with  a  low-power  lens, 
eiss,  16  mm.  objective  and  8  and  12  oculars.  If  an  absolute  identifi¬ 
cation  cannot  be  made  at  the  time,  all  parts  excepting  the  abdomen 

must  e  presen  ce!  intact,  mounted  with  experiment  number  attached 
ror  final  identification. 


DESCRIPTION  of  the  malarial  parasite  in  the 


mosquito 


t  of  Leucocytes 
68 


20  67  crescents  per  100  leucocytes. 


1 
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In  the  fresh  blood  film,  when  it  is  drawn,  numerous  crescents  are 
seen,  but  within  five  to  ten  minutes  half  the  number  of  crescents  have 
become  vesicular  and  their  pigment  dancing ;  several  have  thrown  out 
flagella,  which  are  still  attached  after  fifteen  to  twenty  minutes. 
These  vesicular  gametes  have  become  phagocyted  by  polymorpho¬ 
nuclear  leucocytes ;  some  of  them  at  this  period  have  parted  with 
their  flagella,  because  several  free  flagella  were  detected  in  the  film. 
Stained  preparations  fixed  immediately  upon  drawing  the  blood  show 
nothing  but  crescentic  forms,  but  films  that  have  been  kept  moist  from 
five  to  ten  minutes  before  staining  show  that  a  very  marked  change 
has  taken  place  in  the  crescents,  many  of  them  becoming  either 
globular  or  irregular  and  distorted.  One  film  fixed  after  ten  minutes, 
and  stained,  showed  nine  crescentic  forms,  eight  globular  forms,  witn 
discrete  pigment  and  several  chromatin  dots,  some  of  which  are 
certainly  microgametes,  and  eleven  irregular  forms,  as  though 
becoming  globular,  or  as  crescents  losing  their  stiff  outline,  and 
becoming  flexible. 

After  fertilisation  the  microgametocyte  becomes  elongated 
(wandering  vermicide,  ookinet).  Illustrations  of  wandering 
vermicules  (after  Grassi)  are  very  much  like  the  eleven  irregular 
forms  seen  in  the  blood  just  described.  I  hese,  then,  may  represent 
fertilised  gametes. 

The  fertilised  gamete,  or  ookinet,  if  it  be  not  phagocyted,  has 
abundant  time  to  wander  out  of  the  blood  clot  and  reach  the  gut 
wall,  for  the  blood-meal  of  the  mosquito  is  usually  not  expelled 
until  after  twenty-four  hours. 

The  earliest  form  of  the  malignant  tertian  zygote  was  detected 
in  the  wall  of  the  gut  after  the  expulsion  of  the  blood-meal,  or  after 
two  and  a  half  days.  Satisfactory  dissections  and  examinations 
cannot  be  made  until  the  blood-meal  has  been  expelled; 
consequently,  after  several  trials,  sixty  hours  after  a  feeding  was 
the  earliest  period  at  which  a  search  was  made  for  zygotes. 

In  Experiment  No.  204,  a  specimen  of  Ce.  (?)  tarsimaculata  was 
killed  sixty-five  hours  after  a  single  feeding  from  a  patient  w 
blood  contained  ten  crescents  per  100  leueqeytes.  Lpon  examina 
there  were  about  fifty  zygotes  in  the  mid-gut.  They  were  s  igi  y 
oval  in  outline,  with  closely  clumped  quiescent  pigment,  an  very 
little  cytoplasm  showing  beyond  the  pigment,  the  diameter  being 
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about  5  /<.  The  zygotes  become  larger  each  day,  though  they  dr 
not  always  appear  to  grow  at  equal  pace. 

and^t15  ??ti0n  SiZe  may  depend  on  location  “  the  gut  wall 
and  relation  to  nutrition.  On  the  whole,  however,  the  gradual 

“hows  -I5'2'  °f  th£  Zyg°te  15  faidy  “  the  follow!. 


Experiment  No.  Age  of  Zygote  Type  of  Peru.itc 


16 

l6 

32 
1 6 
16 


204 

9 

41 
38 
43 
4r 
38 
33 

42 
36 
ir 
38 


*3 

13 

3* 

>7 


4~4i  day 
4'4i  „ 

ft9  » 

8H>  „ 

Sporozoites  in 
6?  hours 

6? 

2J  days 
3 

3 

3 1 

4 

31-42 
4f 

5 

6i 
7 

7l 
81 
11 
I2i 


Simple  tertian 


salivary  glands.  Smplc  tert 
Malignant  tertian 


Size  of  Zvgote  in  [i 


12  x  16-5 
17  X  20 

,9'S 
48,  54 

48  x  54,  55-5  x  66 
(Sporoblasts  formed) 
an 
5 

9  x  1  r-25 
9  X  10-5 
7  x  10 
7  x  10 
12  x  15 
12  x  15 
12  x  13-5 
21 
21 

22,  28 

45  x  57  (Contains  sporo¬ 
blasts) 

32  X  40 
39 

Sporozoites  in  salivary  glands 
30  (No  sporozoites  in  salivary 
glands) 


JSxtr  ™vrom  fresh  pw-  » .0  PerCe„ 

The  zygotL  af;rr  P  T‘h  0CUlar  (Zeiss), 

assume  an  ovoidal  shaDeC  SCCn  rom  the  foregoing  table,  generall 
the  other.  As  thf-v  •  P  ’  °ne  diameter  being  a  little  longer  tha: 

periphery  assumes  beC°me  m°re  vesicular'  th 

becomes  more  and  lke  contour,  and  the  pigmen 

inconspicuous.  Durin^th!  tered’  discrete»  and  ultimately 

dumped,  but  as  the*zv<roto \  ^  pigment  is  tightI> 

pigment  usually  spreads’  t  •  <?C°mes  lar^er  and  vesicular,  the 

clumps,  or  occasionally  scattered  2*  ?  be'‘S’  sometimes  in  smaU 
38  a  specimen  of  Ce  tJh  ■  discrete.  In  Experiment  No. 

Cc.  alb,ma„a  contained  about  fifty  malignant 
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tertian  zygotes,  three  and  a  half  days  old  (12  x  12/1),  in  its 
mid-gut;  the  pigment  was  in  the  form  of  linear  rods,  and  almost 
every  zygote  had  a  zonal  arrangement  of  its  pigment.  The  zone  of 
pigment  was  made  up  of  rods,  end  to  end,  each  rod  separated  by 
a  small  space;  sometimes  the  zonal  pigment  was  concentric  with  the 
periphery  of  the  zygote,  sometimes  at  right-angles  to  the  plane 
presented  to  the  observer,  but  apparently  always  peripheral. 

In  Experiment  No.  33,  a  specimen  of  Ce.  albimana  contained 
twelve  to  fifteen  malignant  tertian  zygotes,  three  and  three-quarter 
to  four  and  three-quarter  days  old,  12  x  13*5  n  in  size,  mostly 
oval  in  outline.  The  pigment  was  bronze  in  colour,  and  in  clumps, 
never  in  lines  or  belts.  In  experiment  No.  36  a  specimen  of 
Ce.  albimana  contained  malignant  tertian  zygotes  five  days  old, 
21  fi  in  diameter,  with  the  pigment  present  in  clumps.  On 
counting  the  number  of  pigment  rods  in  a  zygote,  and  in  crescents, 
it  is  evident  that  conjugation  of  gametes  does  not  occur,  for  there 
is  the  same  amount  of  pigment  in  each  instance.  In  Experiment 
No.  42,  a  specimen  of  Ce.  albimana  contained  several  malignant 
tertian  zygotes  of  three  ages  (three  bitings  from  the  same  patient). 
Five  or  six  zygotes  were  between  one  and  a  half  and  two  and  a  half 
days  old,  and  their  pigment,  of  course,  tightly  clumped.  One 
zygote,  21  n  in  diameter,  was  globular  and  contained  three 
clumps  of  pigment,  while  in  several  others  of  the  same  age  the 
zygotes  were  oviform  and  the  rods  of  pigment  were  arranged  in 
pairs,  scattered  irregularly  throughout  the  zygote,  each  one 
containing  thirteen  or  fourteen  rods  of  pigment. 

In  most  of  the  zygotes,  excepting  the  very  young  or  very  old 
forms,  the  pigment  was  arranged  in  lines  or  belts,  but  not 
uncommonly  zygotes  were  seen  of  equal  age  in  the  same  specimen, 
some  with  belts  of  pigment,  and  some  having  it  in  clumps. 

1  he  larger  zygotes,  containing  sporoblasts,  showed  very  little 
pigment.  This  is  collected  in  one  clump,  usually  near  the 
periphery.  The  pigment  is  probably  not  destroyed  nor  extruded, 
but  is  partly  obscured  by  the  greater  size  of  the  zygote. 

Some  of  the  smallest  zygotes  contained  dancing  pigment,  and 
>n  the  larger  zygote,  with  zones  of  linear  pigment,  the  zone  could  be 
seen  to  change  its  position  very  slowly,  but  in  these  instances  the 
pignient  was  not  dancing. 

N 
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When  the  zygotes  reach  the  size  of  39  x  45  or  45  x  5;, 
(seven  to  eight  and  a  half  days)  a  fine  reticulum  could  be  seen 
outlining  the  sporoblastic  chamber;  while  others  were  dotted 
throughout  with  coarse  round  granules,  the  sporoblasts. 

The  capsule  of  the  zygote  ruptures  about  the  eleventh  day,  the 
sporozoites  making  their  way  to  the  salivary  glands,  and  leaving 
the  collapsed,  wrinkled,  disc-shaped  envelopes  behind  in  the  outer 
layer  of  the  mid-gut  wall.  The  mechanism  of  the  passage  of  the 
sporozoites  into  the  salivary  glands  is  not  known,  but  these  glands 
are  more  or  less  filled  with  sporozoites  after  the  eleventh  day. 

The  simple  tertian  zygote  differs  from  the  malignant  tertian; 
first  in  the  rapidity  of  its  development,  attaining  a  slightly  greater 
size  in  a  given  time.  In  the  younger  zygotes  the  pigment  is  arranged 
in  clumps  or  lines  and  slowly  changes  its  position.  The  pigment  may 
be  clumped  and  dancing  within  vacuolated  spaces  of  the  zygote.  In 
xpenment  No.  16,  tertian  zygotes  in  Ce.  albimana  are  12  to 
'SM  m  diameter  four  to  four  and  a  half  days  after  biting.  The 
capsule  of  the  zygote  was  well  defined,  but  the  zygote  was  apparently 
s  !g  ty  argei  than  a  malignant  tertian  zygote  of  the  same  age,  and 
its  cytoplasm  was  more  coarsely  granular  than  that  of  the  malignant 
parasite.  7  he  pigment  is  coarse  and  in  clumps,  not  lines,  and 
1  no  motile  In  another  specimen  of  Ce.  albimana,  in  the  same 
nt' t  e  f>1^Tnent  was  arranged  in  two  lines  near  the  periphery 

w  th  half  me  days  after  the  first  one 

refractilo  ur®  ova»  contained  six  to  eight  zygotes,  full  of  faintly 
Tviote  ;  equa"y  .S,2ed  sP°roblasts,  3  n  in  diameter.  These 
partly  Drni^r 4  r"  *”  dlameter'  Four  or  five  zygotes  were  seen 

54  M  and  °f  the  ^  Tbey  were  48  b? 

and  there  f  A  >  N°  P’^ment  be  detected,  but  here 

indicating-  the'\  °  ers  ln  Sr°ups,  having  a  linear  arrangement, 
evperiment  th  °f  Percies  from  sporoblasts.  In  this 

“Je  "early  reached  nine  days, 

only  one  of  fi  "  °'18,  slmpIe  tertian  sporozoites  were  found  in 

C,^f„JetV;enaa„nda°L;fhedaSalir  fndS  “  a  spramenof 

acini  were  ;n  nl  '  •  ‘  a^s  after  the  first  biting.  Four  other 

sporozoites  in  AeTntoed  ^  Were  devoid  of  sporozoites-  The 

duct  and  in  several  of  tt  jCmUS  were  distributed  in  the  lumen  of  the 
several  of  the  d.stended  vesicular  epithelial  cells,  seven! 
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hundred  being  present,  their  long  axis  being  generally  parallel  with 
the  duct. 

In  Experiment  No.  36,  malignant  tertian  sporozoites  were  found 
after  the  eleventh  day  in  the  red-stained  hyaline  salivary  acini  on 
both  sides  of  the  body  in  large  numbers.  Very  few  in  the  faintly 
stained,  larger  vacuolated  acini,  and  none  in  the  acini  containing 
colloid  globules ;  but  the  duct  of  the  latter  contained  sporozoites, 
which  were  generally  matted  together. 

Table  showing  data  in  relation  to  infected  and  non-infected 
mosquitos :  — 


Experi¬ 

ment 

No. 

No.  and 
species  of 
mosquito 

Type  of 
parasite 

No.  of 
gametes 

Dissected  : 
days  after 
biting 

No.  of 
zygotes 
present 

Controlled 
by  Ce. 
albimana 

Date  of 
experi¬ 
ment 

z 

1  M.* 

? 

5 

3 

0 

No 

Oct.  13 

3 

1  A. 

E.A.f 

10 

34 

0 

Yes 

,,  19 

3 

1  A. 

E.A. 

10 

34 

5 

Yes 

„  *9 

3 

1  A. 

E.A. 

10 

44 

0 

Yes 

»  '9 

3 

1  A. 

E.A. 

to 

44 

0 

Yes 

>  19 

4 

1  P. 

E.A. 

14  +  ~ 

5 

5+  ~ 

No 

»  27 

4 

i  P. 

E.A. 

24  +  - 

5 

3' 

No 

»  27 

5 

1  M. 

E.A. 

3- 5 

44 

0 

No 

Nov.  10 

5 

1  M 

E.A. 

3-5 

44 

0 

No 

»  10 

5 

1  M 

E.A. 

3-5 

4  4 

0 

No 

„  10 

5 

1  M. 

E.A. 

3‘S 

44 

0 

No 

»  10 

6 

1  M. 

E-A. 

16 

34 

0 

Yes 

»  11 

6 

t  M. 

E.A. 

16 

34 

0 

.  Yes 

11 

6 

1  M. 

E.A. 

16 

34 

0 

Yes 

„  11 

9 

1  P. 

E.A. 

27 

24 

O 

No 

„  24 

9 

1  P. 

E.A. 

27 

24 

6  or  7 

No 

24 

10 

1  A. 

E.A. 

12 

4+  - 

Numerous 

Yes 

„  27 

11 

1  A. 

E.A. 

8 

7 

0 

Yes 

„  3° 

11 

1  A. 

E.A. 

8 

7 

Present 

Yes 

„  3° 

11 

1  A. 

E.A. 

8 

7 

168 

Yes 

„  3° 

12 

1  P. 

E.A. 

8 

24 

0 

Yes 

»  3o 

'3 

1  P. 

E.A. 

20 

34 

0 

Yes 

Dec.  4 

'3 

1  P. 

E.A. 

20 

34 

6  or  7 

Yes 

»  4 

'3 

1  A. 

E.A. 

20 

74 

3 

Yes 

„  4 

'3 

1  A. 

E.A. 

20 

84 

Numerous 

Yes 

„  4 

'3 

t  A. 

E.A. 

20 

84 

Numerous 

Yes 

„  4 

16 

1  A. 

Tert. 

3  + 

4 

6  or  8 

Yes 

>1  21 

r6 

>  A. 

11 

3  + 

44 

20-I — 

Yes 

„  21 

l6 

1  A. 

11 

3  + 

84 

6  or  8 

Yes 

»  21 

16 

.0 

1  A. 

11 

3  + 

84 

4  or  5 

Yes 

„  21 

Io 

1  A. 

7 

1 I  £ 

1 

Yes 

»  27 

32 

1  A. 

11 

17  +  - 

4} 

2 

Yes 

Jan.  25 

32 

1  A. 

11 

17  +  - 

4} 

0 

Yes 

„  25 

32 

'  Ag. 

17  4-  - 

4i 

0 

Yes 

»  25 

32 

1  P. 

17  +  — 

4? 

0 

Yes 

»  25 

32 

1  P. 

11 

17  +  - 

4* 

0 

Yes 

»  2? 

No.  of 
patient 

Ova 

develope 

No.  9 

18  B. 

? 

47496 

No 

47496 

Yes 

47496 

No 

47496 

No 

48 1 32 

No 

48132 

No 

48509 

No 

48509 

No 

48509 

No 

48509 

No 

48987 

Yes 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

No 

48987 

Slightl] 

48987 

No 

48987 

No 

5  ”47 

No 

5  ”47 

No 

5  ”47 

Yes 

5”47 

? 

5*43* 

Yes 

53343 

Yes 

53343 

Yes 

53343 

Yes 

53343 

Partly 

53343 

11 

202 


203 


Esperi- 
Iment 
'  No. 

No.  and 
species  of 
mosquito 

Type  of 
parasite 

No.  of 
gametes 

Dissected  : 
days  after 
biting 

No.  of 
zygotes 
present 

Controlled 
by  Ce. 
albimana 

Date  of 
experi¬ 
ment 

No.  of 
patient 

Ova 

developed 

42 

I 

A. 

E.A. 

10 

5! 

3  or  4 

Yes 

Feb. 

6 

53742 

No 

43 

1 

A. 

E.A. 

5 

5 

Yes 

99 

8 

53742 

No 

43 

1 

M. 

E.A. 

5 

2} 

0 

Yes 

99 

8 

53742 

No 

47 

1 

P. 

E.A. 

1 

Si 

0 

Yes 

91 

>9 

53937 

No 

47 

1 

M. 

E.A. 

l 

Si 

0 

Yes 

19 

'9 

53937 

No 

47 

1 

Ag. 

E.A. 

1 

Si 

0 

Yes 

99 

'9 

53937 

No 

47 

1 

Ag. 

E.A. 

\ 

si 

0 

Yes 

19 

*9 

53937 

No 

47 

1 

M. 

E.A. 

4 

si 

O 

Yes 

19 

'9 

53937 

No 

202 

1 

P. 

? 

0  ? 

4 

0 

No 

Aug.  24 

Bed  go 

Yes 

202 

1 

T. 

? 

0  ? 

4 

0 

No 

91 

24 

Bed  go 

Yes 

204 

1 

A. 

E.A. 

s  +  - 

3 

40 

Yes 

99 

28 

63472 

Yes 

204 

1 

T. 

E.A. 

5  +  - 

4 

Many 

Yes 

19 

28 

63472 

No 

204 

1 

A. 

E.A. 

5  +  — 

0 

Many 

Yes 

11 

28 

63472 

Yes 

209 

1 

T. 

E.A. 

5  +  — 

2 

20 

Yes 

Oct. 

5 

65343 

Yes 

209 

1 

T. 

E.A. 

5  +  “ 

2 

22 

Yes 

91 

5 

65343 

Yes 

•A.  =  albimana  tE.A.  =  malignant  tertian 

M.  =  malefactor  Tert.  =  simple  tertian 

T.  =  tarsimaculata 
P.  =  pseudopunctipennis 
Ag.  =  argyrotarsis 


Notes  and  Conclusions  from  the  foregoing  Table 


Species 

Number 

Infected 

Percentage 

infected 

An.  (tj  malefactor  . 

17 

0 

o-o 

A.  pseudopunctipennis . 

31 

4 

12-g 

Ce.  albimana 

48+2 

34  +  2 

70*2 

*Ce.  argyrotarsis . 

4 

0 

o-o 

6o-o 

Ce.  tarsimaculata . 

5 

3 

•  A  naturally-infected  specimen  of  this  species  lias  been  found  in  barracks. 


Out  of  several  hundred  mosquitos  used  in  the  biting  expeiiments 
io 7  gave  satisfactory  dissections,  or  paraffin  sections,  and  it  was 
determined  that :  — 

jo'2  per  cent,  of  Ce.  albimana  became  infected, 

6o  per  cent,  of  Ce.  (?)  tarsimaculata  became  infected;  and 
I2Q  per  cent,  of  A.  pseudopunctipennis  became  infected; 

while  none  of  An.  (?)  malefactor  became  infected,  although  several 
were  placed  in  jars  with  Ce.  albimana  and  bit  at  the  same  time 
persons  from  whom  the  specimens  of  Ce.  albimana  became  infected. 


It  is  concluded  from  this  series  of  experiments  that 
Ce.  albimana,  the  common  white  hind-footed  mosquito-a, 
extremely  hardy,  rapidly  developing,  adaptable  mosquito-is  the 
transmitter  of  malignant  tertian  and  of  simple  tertian  malarial  fever 
m  the  Canal  Zone  at  this  time.  Specimens  of  this  species  infected 
with  simple  tertian  parasites  became  infective  between  nine  and 
eleven  and  a  half  days  after  the  first  feeding.  When  infected  bv 
ma  ignant  tertian  parasites,  sporozoites  appeared  in  the  salivary 
g  ands  as  early  as  the  eleventh  day  in  some  mosquitos,  and  later 
than  twelve  and  a  half  days  in  others. 

Ce.  ( ?)  tarsimaculata  appears  to  be  as  susceptible  to  the 
malignant  tertian  parasite  as  Ce.  albimana ,  and  no  doubt  if  a 
favourable  opportunity  had  presented  it  would  have  been  found 

tertian  matoi  wouId  have  b<*n  equally  susceptible  to 

transmi  ^ '  “^°(nnct‘^enr,is  ’s  only  slightly  concerned  in  the 
onwT  ,  f  “a!anaI  fever'  if  at  aiI>  not  only  fmm  the  fact  that 
condit  •  r  T  °f  1,rty'°ne  “osquitos  under  the  most  favourable 

rela^ 7Sf  mfeCted-  but  fron>  additional  fact  that 

relatively  few  specimens  are  taken  in  quarters  at  this  time. 

malaria,  f  7""  ‘S  not  concerned  in  the  transmission  of 

malarial  fever  in  the  Canal  Zone  at  this  time. 

showed  developmentmofSqUlt°S  maIariaI  2yg°tes.  rented 

tSilKUS. A  fc" “ 

species  bit  and  fa bl,,n&s,  l  e-  where  mosquitos  of  any  of  the 
of  ova  •  and  to  t  'l  !°  h.eC°me  infect«i,  twenty  showed  development 
Ce  (?)  Zrl  ;  hC  kn°Wn  species,  aitJne  and 

•J&srss-  szr :  “t ->  *  ™ 

development  of  ova.  ^  become  infected  six  showed 

ova  are  not  necessarv  ’f3P^ar  tbat  fecundation  and  development  of 

Under  the  most  appare^  ^  Zyg°te5' 

out  of  the  lot  of  susceotihlcv  ,  ourable  circumstances  one  or  two 
and  these,  no  doubt  pOSs  *  n°P  lebnes  w’d  fail  to  become  infected, 
parasite.  ssess  an  active  immunity  toward  the  malarial 
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LIMITS  OF  INFECTIOUSNESS  OF  MAN 

During  the  progress  of  the  experiments  it  was  noticed  that 
patients  were  discharged  after  their  temperature  had  become  normal 
and  when  their  peripheral  blood  occasionally  contained  more  than 
a  sufficient  number  of  gametes  to  infect  susceptible  mosquitos.  In 
order  that  a  recommendation  might  be  made  for  the  continued 
treatment  of  these  persons,  it  was  necessary  to  determine,  if  possible, 
the  limits  of  infectiousness  of  such  individuals. 

Several  experiments  were  carried  out,  in  which  Ce.  albimana 
bit  patients  whose  gametes  per  leucocytes  had  been  determined. 
These  mosquitos  were  given  but  one  blood  feeding  and  fed 
subsequently  on  dates  and  raisins  and  then  dissected.  I  he  limits 
were  determined  as  being  near  one  gamete  per  500  leucocytes,  or 
twelve  gametes  per  mm.3;  but  it  must  be  understood  that  several 
factors  are  concerned  in  infections,  such  as  number  and  phagocytic 
power  of  leucocytes ;  immunity  of  mosquitos,  racial  and  individual ; 
probable  reaction  of  gut  contents,  as  acid  bacterial  products  or 
those  from  yeasts,  may  be  inimical  to  the  gametes;  and  again 
proportion  of  9  to  £  gametes  plays  some  part,  besides  the  number 
of  gametes  ingested.  In  Experiments  20  and  28  patients  blood  was 
rich  in  crescents  which  flagellated  in  vitro,  and  in  the  mosquitos 
stomach,  yet  mosquitos  never  could  be  infected  from  the  patients. 

Persons  with  more  than  twelve  gametes  per  mm.3  must  be 
regarded  as  gamete  carriers,  and,  of  course,  should  not  be 
discharged  from  hospital  nor  should  treatment  be  discontinued 
until  gametes  have  been  reduced  well  below  the  limits  of  infectious¬ 
ness.  This  destruction  and  prevention  of  the  development  of  the 
sexual  forms  of  the  parasite  in  man  is  a  matter  generally  over¬ 
looked,  but  is  of  the  greatest  importance  in  delimiting  malaria, 
and  it  may  be  accomplished  by  appropriate  quinine  treatment  of  all 
gamete  carriers ;  by  quinine  treatment  to  destroy  latent  malaria,  and 
by  periodical  blood  examination  of  labourers  and  others  in  quarters 
where  there  is  a  high  malarial  rate.  For  the  detection  of  gamete 
carriers  and  latent  malaria,  in  order  to  carry  out  appropriate  treat¬ 
ment,  30  grains  of  quinine  sulphate  in  solution  daily  is  an  efficient 
dosage  for  the  purpose  required. 
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Experiment  No.  47.— February  19,  1909,  8  p.ra.,  jar  containing  Ce.  albimana 
A.  pseudo fundi pennis  and  Arr.  (?)  malefactor  was  applied  to  No.  53,937,  who** 
receiving  30  grains  of  quinine  daily  when  his  blood  contained  one  crescent  to  200 
leucocytes  =  approximately  +  30  gametes  per  mm.*.  The  mosquitos  were  given 
but  one  blood  feeding  and  subsequently  fed  on  raisins  and  dates. 

Upon  dissection  on  February  23-5  : — 

9  A.  fscudofuncti fennis  were  not  infected 
4  Arr.  (?)  malefactor  „  „ 

2  Ce.  ar gyro  tar  sis  ,, 

3  Ce.  all  i  man  a  „  „  while 

1  Ce.  al  him  ana  contained  three  zygotes,  and 

1  Ce.  albimana  contained  four  zygotes. 


Experiment  No.  31.  January  25,  1909,  a  jar  containing  A.  fseudofunch- 
pennis,  <?.  argyrotarsis  and  Ce.  albimana  were  fed  from  53343,  tertian  malaria 
fever,  whose  blood  contained  four  gametes  per  ,00  leucocytes 

Upon  dissection,  January  30  : — 


3-  A.  pseudo functi pennis  were  not  infected; 
1  Ce.  argyrotarsis  was  not  infected  ; 

1  Ce.  albimana  was  not  infected  ;  while 
1  Ce.  albimana  contained  two  zygotes. 


Notes  on  the  Bionomics  of  some  of  the  Anophelines 


The  period  of  incubation  of  the  ova  of  Ce.  albimana ,  A.  pseudi 
punctipennis  and  Arr.  (?)  malefactor  was  estimated  as  abou 
t  nrty  six  hours  under  the  laboratory  conditions,  the  temperature  0 
t  ie  air  and  water  ranging  between  78°  and  S20  daily,  an  easier 
n  o\\  exposure  with  direct  sunlight  for  three  or  four  hours  in  th 
morning,  and  diffused  sunlight  the  remainder  of  the  day.  Th 
gt,  aie  aid  in  the  geometrical  patterns  usually  seen,  and  at  firs 

,  ■  ani^  'vb*te  colour,  becoming  in  a  few  hours  quite  black,  wit! 
white  lateral  air  chambers. 

t  C  ^TVa^  pCnod  varies  with  the  species,  food,  efficient  tempera 
g  ,a;d  env~n t;  for  example,  ova  of  dr,  (? 
Zlt  T  CJ'  alb~  of  about  the  same  age  were  exposec 
air  anT™6  l  t0  an  ident*cal  environment,  food,  water 

Arr  CP)11”  Ut  WilCn  Ce'  albimana  had  pupated  tlie  larvae  of 

Ce  al  him  mae  were  on]y  grown.  In  one  experiment 

malefact  ana  arVaC  pupated  with»n  twelve  days,  while  Arr.  (?) 
examinatio  re^Ulre  S1Xteen  to  twenty  days.  Subsequent 
the  Trs  1  °  ^  fr°m  malefactor  pools  and  from 

ma  raLts  oi  malef actor  larvae  indicate  that  the  latter 
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prefer  shady  pools  in  which  chlorophyll-bearing  algae,  the  chief 
food  of  Ce.  albimana  larvae,  are  relatively  absent. 

Ova  of  Ce.  albimana ,  still  creamy-white  in  colour,  were  placed  in 
a  breeding  tank  exposed  to  the  morning  sun  on  December  3  ; 
temperature  of  the  water,  2 8' 5  to  30°  C.  (78  to  82  F.).  Of  these 
ova  five  became  larvae  and  pupated  December  14-15.  These  pupae 
became  imagines  during  the  night  of  16-17,  making  the  period  from 
ovum  to  imago  about  thirteen  and  a  half  days.  Under  these 
conditions  they  did  not  get  as  much  sunlight  as  they  would  have 
received  outside.  Sunlight  and  the  abundance  of  algae  undoubtedly 
play  a  great  part  in  the  duration  of  the  period  of  incubation.  It 
should  be  added  that  these  five  mosquitos,  two  males  and  three 
females,  were  placed  in  a  biting  jar  the  morning  they  emerged 
December  17,  and  that  same  evening  each  one  of  the  three  females 
bit  and  drew  blood  at  once  when  applied  to  the  arm  of  a  patient.  In 
this  instance  mosquitos  bit  when  not  more  than  twenty-houi  hours 
old. 

Into  the  same  tank  were  placed  sixty-eight  larvae  of  An.  (?) 
malefactor  from  ova  laid  December  3 ;  one-third  of  the  ova  hatched 
the  morning  of  December  5,  the  approximate  age  of  the  ova,  or  the 
period  of  incubation,  was  thirty-six  hours.  The  tank  was  supplied 
with  algae,  spirogyra,  and  the  water  aerated.  It  was  noticed  very- 
soon  that  the  malefactor  larvae  did  not  mature  as  rapidly  as  the 
albimana  larvae  did;  when  specimens  of  the  latter  weie  full  grown 
the  malefactor  were  only  one-third  or  half  grown,  and  the 
malefactor  larvae  did  not  pupate  until  sixteen  to  twenty  days  after 
hatching. 

HARDINESS  OF  CE.  ALBIMANA 

This  mosquito  is  well  fitted  for  the  purpose  of  transmitting 
malarial  fever.  It  is  the  commonest  species  here  at  the  present  time, 
outnumbering  all  others,  excepting,  possibly,  A.  pseudopunctipenms, 
which  latter  species  is  not  very  hospitable  to  the  malarial  parasite. 

It  breeds  in  a  great  variety  of  locations ;  besides  the  customary 
pools  and  margins  of  streams,  collections  of  rainwater,  during  the 
dry  season  it  may  be  found  in  the  stinking  water  of  sewage  streams, 
brackish  marshes,  running  streams,  meadows,  muddy  pools,  old  era 
holes,  and  in  shady  malefactor  pools  and  river  margins. 
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It  matures  more  rapidly  than  either  A.  pseudopunctipenim  or 
Arr.  ( ? )  malefactor. 

It  outlives  pseudo punctipennis  and  malefactor ,  in  confinement 
at  any  rate,  which  is  a  proof  of  its  ability  to  persist,  for  when  these 
species  are  placed  in  one  breeding  jar  malefactor  dies  quickly,  next 
follow  pseudo  punctipennis,  while  specimens  of  albimana  survive 
for  days  longer. 

DURATION  OF  LIFE  OF  MALES  AND  FEMALES  IN  CAPTIVITY 

Male  specimens  of  A.  pseudopunctipennis  which  have  been  kept 
in  breeding  jars  with  females,  and  supplied  with  raisins,  dates  and 
water,  have  lived  for  eighteen  days.  Male  specimens  of  Ce.  albimam 
have  lived  twelve  and  a  half  days.  On  the  other  hand,  a  virgin 
specimen  of  Stegomyia  calopus  has  lived  for  one  hundred  and  ten 
days. 

When  virgin  Anophelines  have  been  given  one  or  two  blood 
meals  two  or  three  day's  after  emerging  they  have  lived  as  long  as 
sixteen  days.  This  is  in  rather  striking  contrast  with  Stegomyia 
calopus ,  which  under  similar  conditions  lives  months  to  the 
Anophelines  weeks.  Several  specimens  of  S.  calopus  virgins  still 
under  observation  have  lived  for  several  weeks,  and  have  oviposited 
as  late  as  sixty  days  after  emerging,  though  never  in  contact  with 
males. 

MUSICAL  NOTE  OF  MOSQUITOS 

The  characteristic  musical  note  of  Anophelines  is  caused  by  the 
vibration  of  the  proboscis,  as  the  following  observation  indicates:— 
A  specimen  of  Arr.  ( ?)  malefactor  was  badly  wet  and  sprawled; 
upon  placing  her  upon  a  piece  of  filter  paper  and  touching  or 
approaching  her  proboscis  the  latter  vibrated  visibly,  and  emitted 
the  characteristic  high-pitched  note;  the  wings  were  at  rest,  being 
stuck  to  the  paper.  1  his  was  verified  again  and  again.  Later  I 
picked  up  a  slightly  water-sprawled,  infected  mosquito  for 
dissection  and  held  it  over  a  few  drops  of  chloroform ;  both  wings 
were  seen  to  vibrate  rapidly  as  in  flight,  but  noiselessly,  while 
lolding  the  mosquito  by  the  last  abdominal  segment  and  touching 
one  wing  at  its  tip  the  opposite  wing  would  immediately  stop 
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vibrating.  Upon  releasing  the  wing,  both  would  vibrate  noiselessly 
as  before.  The  noise  of  the  mosquito  is  due,  then,  to  the  vibration 
of  its  proboscis,  and  the  wing  vibration  is  dependently  and 
automatically  co-ordinated. 

RELATIVE  VALUE  OF  DIFFERENT  FOODS  FOR  ANOPHELINES 

After  trial  with  bananas,  I  found  that  raisins  and  dates  with  water 
furnished  the  best  food  for  Anophelines  in  confinement.  A  greater 
number  of  males  and  females  may  be  kept  alive  during  the  few  days 
after  emergence  if  fed  with  fresh  bananas,  raisins  or  dates ;  but 
females  fed  on  this  diet  daily  would  not  bite  with  alacrity. 
Mosquitos  fed  daily  or  on  alternate  days  on  human  blood  made  better 
dissections  after  the  digestion  and  evacuation  of  their  meal  than  those 
fed  on  bananas.  The  former  would  be  fairly  free  from  yeast  and 
bacteria,  and  the  mid-gut  and  appendages  would  not  disintegrate  so 
rapidly  after  death.  If  the  mosquitos  were  fed  alternately  on  bananas 
and  blood  they  would  frequently  die  with  an  undigested  hard  mass 
of  blood  in  the  mid-gut,  which  must  have  been  either  impossible  to 
digest  or  evacuate.  The  best  method  of  feeding  infected  mosquitos 
would  seem  to  be  to  feed  two  or  three  times  on  a  patient  favourable 
for  infection,  and  subsequently  with  raisins,  dates  and  water.  Then, 
too,  the  acid  contents  of  the  mid-gut  after  banana  feeding,  with  its 
fermentation,  may  interfere  with  the  infection  of  mosquitos  y 
malaria.  In  Experiments  Nos.  20  to  28  a  patient  having  at  times 
sixty-seven  crescents  per  one  hundred  leucocytes  in  his  peripheral 
blood  was  bitten  by  four  varieties  of  mosquitos,  Ce.  albimana , 
Ce.  argyrotarsis,  A.  pseudo punctipennis  and  Arr.  (?)  malefactor, 
over  a  period  of  thirty-five  days.  During  the  intervals  between 
biting,  however,  the  mosquitos  were  fed  on  bananas,  and  none 
became  infected. 


IDENTIFICATION  OF  LARVAE 

It  must  be  evident  that  identification  of  Anophelme  larvae  in 
the  field  is  of  considerable  importance,  and  in  this  region  the  ma  a 
transmitting  Anophelines  can  be  readily  identified  y  cer  ‘ 
anatomical  characters.  I  have  made  no  attempt  to  eternnne 
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detail  all  the  anatomical  characteristics  of  Anopheline  larvae  of  this 
region  ;  that  has  been  done  for  some  species  by  Knab.  The  chief 
anatomical  differentiating  larval  characters  of  the  common  Anophe- 
lines  of  this  region  are  these:  — 

Ce.  albimana  or  white-  Palmate  hairs  on  all  abdominal  segments  Antennae  without  a  tuft 
footed  group  and  sometimes  on  postcro-external  of  hairs 

angle  of  thorax 


A.  psendopunctipennis  Palmate  hairs  on  third,  fourth,  fifth,  Antennae  without  a  tuft 

group  sixth,  seventh  abdominal  segments,  of  hairs. 

but  none  on  the  first  and  second. 

On  the  latter  two,  however,  there 
is  a  rudimentary  stalked  tuft. 


Arr.(f)  malefactor,  or  spotted-  No  palmate  hairs  on  first  and  second  Antennae  with  a  tuft 
legged  group  abdominal  segments,  but  palmate  of  hairs. 

hairs  on  all  remaining  segments. 

These  characters  are  very  striking  and  sharply  separate  the 
groups,  thus  separating  the  malaria-transmitting  Ce.  albimana 
group  from  other  varieties.  With  care  it  is  frequently  possible,  even 
in  muddy  water,  from  an  examination  of  the  indentations  of  the 
surface  film  caused  by  the  palmate  hairs,  to  at  once  determine  the 
presence  or  absence  of  members  of  the  albimana  group.  In  the 
latter  group  there  is  no  break  in  the  indented  film,  but  in  the  two 
former  groups  there  is  a  well  defined  non-indented  break  in  the  film, 
due  to  the  lack  of  palmate  hairs  on  the  first  and  second  abdominal 
segments. 

1  he  size  of  the  palmate  hairs  on  the  postero-lateral  angle  of  the 
thorax  and  the  presence  of  these  hairs  on  the  thorax,  first  and  second 
abdominal  segments,  is  subject  to  some  variation.  It  would  seem 
that  the  white  hind-footed  group  are  undergoing  some  variation 
witli  regard  to  the  size  and  location  of  these  hairs  and  apparently 
they  are  becoming  rudimentary  or  vestigial  on  the  thorax  and  first 
abdominal  segment. 


FOOD  OF  ANOPHELINE  LARVAE 

The  generally  separate  and  distinct  breeding  places  cl 
Arr.  (?)  malefactor  and  Ce.  albimana,  for  instance,  naturally 
suggest  that  their  food  might  also  be  different.  Dissection  of 
specimens  of  A.  psendopunctipennis  and  Ce.  albimana  in  all 
instances  discloses  much  green  algae  in  the  intestinal  tract,  while 
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specimens  of  malefactor  usually  contains  much  dark  brown, 
unidentified  vegetable  fibres,  brown  organic  debris,  and  comdia 
resembling  those  of  Pestalozia  trunculata,  Leptosporum  bifurcatum, 
Parainoecia,  etc.,  Rotifer  vulgaris.  This  indicates  that  Ce.  albimana 
and  A.  pseudo punclipennis  prefer  sunny  pools,  while  Arr.  (?) 
malefactor  prefers  shady  ones,  where  there  is  a  relative  absence  of 
chorophyll-bearing  forms.  This  is  not  intended  as  an  absolute 
statement,  because  during  the  dry  season,  and  in  certain  situations, 
malefactor  and  albimana  will  be  found  together  in  the  same  streams 
or  pools,  but  it  indicates  certain  different  tendencies  in  the  respective 


species. 


BLOOD  FEEDING  NECESSARY  FOR  ANOPHELINES 

A  blood  meal  seems  to  be  necessary  for  the  development  of  the 
ova  of  Anophelines.  In  Experiment  No.  40,  to  determine  this  point, 
male  and  females,  Ce.  albimana  and  A.  pseudo punctipenms  were 
placed  in  a  breeding  jar  and  fed  on  vegetable  food  and  water 
daily,  but  they  received  no  blood  meals.  Upon  dissection  of  females 
as  they  died,  none  showed  any  development  of  the  ovaiies. 


PARTHENOGENESIS 


If,  however,  there  be  given  one  blood  meal  the  ova  may  develop 
even  in  virgins  kept  out  of  contact  with  males.  In  the  latter  instance 
(with  Stegomyia  calopus)  the  ova  have  never  developed  into  larvae. 

Experiment.— Virgin  Anophelines  bred  out  from  single  isolated  pupae  wer 
transferred  to  one  jar  entirely  out  of  contact  with  males.  I  here  were  t  re 
albimana  and  two  .4.  pseudopunetipennis.  When  applied  to  the  arm  a  e 
albimana  drew  blood;  neither  of  the  A.  pseudoputieltpennis  would  1 
following  day  one  A.  pscudofunctipennis  died,  but  the  remaining  one,  wit 
Ce.  albimana  bit  again  upon  application  to  the  arm.  lhese  were  adde  to  an 
jar  of  virgin  females,  Ce.  albimana  and  A.  pseudopunetipennis,  most  o 
drew  blood  readily.  Upon  dissection  none  of  the  A.  pseudopututiftnnis  s  owe  a 
development  of  the  ovaries.  One  Ce.  albimana,  about  fourteen  days  old,  containe 
ova  0-48  min.  long.  The  single  spermathecae  of  the  mosquitos  were  **a""“*  ’ 

1  .1  _ *  /liwolnn  into  I \  dt. 


and  in  no  instance  contained  spermatozoa.  1  he  ova  w 
in  water,  and  upon  microscopic  examination  were  foui 
food  material,  but  no  partly  developed  larvae,  such  as 


,a  would  not  develop  into  larvae 
found  to  contain  finely  granular 


would  be  seen  in  fertile  ova 


of  this  size. 
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A  further  experiment  with  Stegomyia  calopus  indicates  that 
whereas  ova  may  develop  in  size  in  the  ovaries  of  unfecundated 
virgins,  they  are  always  sterile  and  never  contain  partly  developed 
larvae,  but  granular,  undifferentiated  protoplasm  or  food  material. 

A.  November  n  a  jar  containing  five  female  Stegomyia  ealofus  which  bad 
been  separated  individually  as  pupae,  and  always  out  of  contact  with  mate 
emerged  November  9.  They  were  applied  to  the’ arm  and  three  bit  and  drew 
blood  ;  they  were  not  as  voracious  as  Anophelines,  but  behaved  with  the  caution 
and  timidity  characteristic  of  Stegomyia.  After  fourteen  days  these  mosquitos  bad 
not  oviposited.  Two  were  dissected  and  the  spermathecae  found  to  be  free  from 
spermatozoa,  but  their  ova  were  well  developed,  0-560  mm.  in  length,  0-184  mm.  ir. 
width. 


B.  Bred  out  nineteen  virgins,  Stegomyia  ealofus,  in  the  same  manner,  from 
isolated  pupae.  Upon  applying  to  arm,  sixteen  out  of  nineteen  bit  and  apparently 
drew  blood,  but  there  was  no  sensation  of  stinging.  The  next  day  when  applied, 
only  three  mosquitos  bit.  These  may  have  been  the  ones  that  did  not  bite  the  day 
u  °j6  Thirty-seven  days  after  the  first  biting,  eight  of  these  virgins  were  living, 
the  dead  ones  having  become  water-sprawled.  Forty  black  ova  were  found  in  the 
water  dish  this  morning. 


41  days  after  the  first  biting  six  ova  were  found  in  the  dish  ; 

54  days  after  the  first  feeding  one  dead  female  was  found,  and  upon  dissection 
contained  no  ova  ; 

69  days  after  the  first  feeding  a  dead  female  was  found  to  contain  twenty 
well-developed  ova,  0-560  mm.  in  length  ; 

61  days  after  first  feeding  forty-three  black  ova  were  found  in  the  dish, 
completely  developed,  0-720  mm.  in  length,  0-240  mm.  in  width; 

!hl!finO1!efOf.theSeL0Va  developed  later  into  larvae.  One  hundred  and  four  davs  after 
the  first  feeding  the  remaining  female  is  still  living. 


EFFECT  OF  SALT  AND  SEA  WATER  ON  ANOPHELINE  LARVAE 

In  general,  the  effect  of  an  irritating,  toxic,  or  otherwise  unusual 
fluid  on  mosquito  larvae  is  to  hasten  pupation.  A  number  of  exped¬ 
ients  were  tried  with  sea  water,  salt  water  and  solutions  of  the  heavy 
neta  s,  and  in  most  instances  in  the  more  concentrated  solutions, 
the  latvae  were  not  killed  within  twenty-four  hours,  they 
pupate  and  occasionally  the  period  of  pupation  was  shortened; 

fi°  b 1 1  ’  r 1  instance’  ,n  a  Strict  sea  water  were  used  as  a  larvacide 
rst  e  feet  would  be  to  hasten  pupation  and  thus  increase  the 
number  of  Anophelines  in  the  district,  and  if  later  the  sea  water 
ecame  nuted  by  rain,  several  species  of  malaria-transmitting 
op  ie  mes  might  breed  in  it  without  difficulty,  notably  Ce.  albimam 
and  larsimaculata.  On  this  account  sea  water  could  not  be  used 
]  ^  egree  of  success  as  a  larvacide  for  Anophelines,  except  in 

large  quantities  and  in  certain  locations. 
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Chlorine  Contents  of  Natural  Waters  in  which  Mosquito  Larvae  have  bf.en  taken, 
AND  IN  SOME  INSTANCES  BRED  OUT 


A.  pseudopunctipennis 
Ce.  albimana 
Anopheles  (Sp.) 

Ce.  albimana 

Ce.  albimana 

Are.  (?)  malefactor... 

Ce.  albimana 

Arr.  (?)  malefactor ... 

Ce.  albimana 

Ce.  tarsimaculata  ... 


Ce.  albimana 
A.  pseudopunctipem 
Stegomyia  calopus 
Culex  (Sp.) 

Aedes  taeniorhynchus 


Per  cent,  of  Sodium  Chloride 


0-00165 

'•93 

0-65 

1- 165 
0-255 
0-16 
o-i  6 
0-00002 
0-00125 
o- 16 
0-21 
0-63 
1-02 
0-02 
0-02 
0-26 
0-057 

2- 20 


Seawater  taken  from  Panama  Bay  contained  3  per  cent,  of 
sodium  chloride,  a  sample  from  Simon  Bay  (Atlantic)  contained  y\7 
per  cent.,  so  that  it  will  be  seen  from  the  foregoing  table  that  some 
Anophelines,  under  stress  of  circumstances,  may  breed  in  very  brackish 


water. 


EXPERIMENTS  WITH  LARVACIDES 

A  number  of  experiments  were  carried  out  for  the  purpose  of 
obtaining  a  cheap  and  efficient  preparation  for  destroying  mosquito 
larvae.  Crude  petroleum  oil  was  frequently  too  viscid  to  nave  a 
spreading  power  of  the  highest  efficiency.  When  mixed  wit  cru 
carbolic  acid,  however,  its  spreading  powers  were  inci eased. 

Much  of  the  crude  carbolic  acid  supplied  had  been  found  upon 
analysis  to  consist  chiefly  of  inert  neutral  oils  with  a  small  proportio 
5  per  cent,  to  10  per  cent.,  of  tar  acids,  and  as  this  crude  aci  • 
used  extensively  as  a  disinfectant,  experiments  were  conducte 
purpose  of  utilising  if  possible  this  crude  carbolic  acid  as  a  ism  ec 
and  larvacide.  It  was  found  that  crude  carbolic  acid,  having  a  speci 
gravity  not  greater  than  0‘96  or  097  and  containing  about  20  per 
of  phenols  or  tar  acids,  when  made  into  a  soap  vAth  comm 
and  an  alkali  yielded  a  product  which  was  an  ideal  larvacide,  having 


2I4 


excellent  diffusing  and  toxic  powers,  and  at  the  same  time  it  was  a 
very  efficient  germicide.  It  diffused  perfectly  with  water,  forming  a 
milky  emulsion  very  destructive  to  mosquito  larvae,  and  having  a 
germicidal  value  of,  or  greater  than,  that  of  pure  carbolic  acid,  ora 
R ideal- Walker  co-efficient  of  one  to  two.  In  this  way  a  very  valuable 
larvacide  and  disinfectant,  miscible  with  water,  was  produced  from  a 
very  inferior  disinfectant. 

The  larvacidal  powers  when  tried  with  Culicine  and  Anopheline 
larvae  varied  slightly  with  the  quality  of  the  crude  carbolic  acid,  but 
an  average  result  is  as  follows : 

Dilution  i  to  1000 — Culicine  larvae,  dead  in  5  minutes. 

Anopheline  larvae,  halt  grown,  dead  in  5  minutes. 
Anopheline  larvae,  full  grown,  dead  in  10  minutes. 
Dilution  1  to  5000  Anopheline  larvae,  half  and  full  grown,  dead  in  5  minutes. 

Culicine  larvae,  half  grown,  dead  in  3  minutes. 

Dilution  1  to  10000— Culicine  larvae,  half  grown,  dead  in  64  minutes. 

Anopheline  larvae,  young,  dead  in  5 2  minutes. 

Anopheline  larvae,  full  grown,  dead  in  135  minutes. 
Dilution  1  to  15000— Small  Culicine  larvae,  dead  in  32  minutes. 

Anopheline  larvae,  full  grown,  dead  in  123  minutes. 

Anopheline  larvae  seem  to  be  slightly  more  resistant  than  Culicine 
larvae,  and  all  pupae  are  more  resistant  to  the  effects  of  the  larvacide 
than  larvae  are. 

EXPERIMENTS  WITH  AGENTS  DESTRUCTIVE  TO 
VEGETATION,  GRASS  AND  ALGAE 

A  seiies  of  experiments  was  carried  out  with  the  larvacide,  caustic 
so  a,  arsenic  and  copper  sulphate  as  to  the  amounts  necessary  in 
poo  s  and  lagoons  to  prevent  the  growth  of  vegetation  and  to 
^  rmine  t  he  value  of  the  resulting  solutions  as  larvacides.  Bermuda 

fl  I*1  so<^  VN  as  made  into  artificial  ponds  in  large  glass  moist-jars  and 
ce  with  05  per  cent,  solution  of  caustic  soda,  copper  sulphate 
1  r  ^  Ur'C  ac*d-  The  sod  was  well  soaked  with  the  chemical 
n’  Ut  ^ie  8rass  remained  vigorous  in  each  instance.  The  jars 
n  isturbed  foi  a  period  of  eighteen  days,  when  a  number  of 

pool  TL 16  V'Cre  ’ntToduced  into  the  solution  of  the  artificial 
.  .  6  ^arvae  weie  killed  within  twenty-four  hours  in  the  pools 

coppei  sulphate  and  sulphuric  acid;  but  those  in  the  pool 
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containing  caustic  soda  remained  alive  several  days.  It  was 
concluded  from  tnis  that  none  of  the  above  chemicals  could  be  used 
to  advantage  in  killing  gross  vegetable  matter  such  as  grasses,  and 
none  were  of  special  value  as  larvacides. 

An  artificial  pool  as  above  was  flooded  with  a  0125  per  cent, 
solution  of  sodium  arsenite.  All  but  three  or  four  of  the  stalks  of 
grass  were  killed  and  overgrown  with  mould,  the  wilting  effect 
becoming  apparent  in  forty-eight  hours.  After  nine  days,  when  the 
grass  was  quite  dead,  several  Culicine  larvae  were  introduced  into 
the  pool  and  were  killed  after  one  hour’s  exposure.  The  pool  was 
twice  flushed  out  to  rid  it  of  arsenic  salt,  but  the  grass  showed  no 
further  signs  of  life  at  the  end  of  thirty-five  days.  It  was  concluded 
from  this  that  a  (V125  per  cent,  solution  is  a  valuable  agent  in 
destroying  gross  vegetable  forms  such  as  grass,  and  the  resulting 
water  in  the  pool  remained  effective  as  a  larvacide. 

The  common,  green,  filamentous  algae,  Spirogyra  and  Culicine 
larvae  were  introduced  into  small  glass  jars,  containing  various  high 
dilutions  of  copper  sulphate  and  sodium  arsenite.  The  results  of 
two  series  of  experiments  showed  that  copper  sulphate  in  dilutions 
up  to  1  part  in  500,000  is  inimical  to  the  growth  of  this  alga.  They 
become  greyish-green  in  colour,  shrunken  and  lose  their  fresh  and 
crisp  appearance.  As  a  larvacide,  however,  copper  sulphate  is  not 
destructive  in  dilutions  higher  than  1  in  50,000  parts.  Sodium 
arsenite,  on  the  contrary,  seems  to  stimulate  the  growth  of  these 
algae  in  all  dilutions  between  1  in  2,500  and  1  in  25,000,000, 
the  algae  remaining  green  and  vigorous.  As  a  larvacide,  Culicine 
larvae  were  destroyed  in  sodium  arsenite  dilutions  up  to  1  in  100,000. 
The  larvacidal  powers  of  sodium  arsenite  solutions  in  contact 
with  green  algae  seem  to  vary  within  wide  limits,  depending 
probably  upon  the  power  of  the  algae  to  take  the  arsenic  salt  out  of 
solution  into  its  own  protoplasm,  thus  rendering  the  surrounding 
solution  less  larvacidal.  It  is  concluded  from  this  that  coppei 
sulphate  is  more  efficient  than  sodium  arsenite  as  an  algacide  in  high 
dilutions,  but  the  arsenic  salt  is  a  better  larvacidal  agent.  These 
results  are  in  keeping  with  our  pharmacological  knowledge  of  the 
effect  of  copper  and  arsenic  salts  in  high  dilutions  on  animal  and 
vegetable  protoplasm.  It  would  seem,  then,  that  when  grass  and 
algae  in  pools,  without  outlets,  are  to  be  destroyed,  sodium  arsenite 
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would  be  of  considerable  value  for  this  purpose,  and  would  continue 
to  be  efficient  until  washed  or  drained  out  and  that  copper  sulphate 
is  a  valuable  algacidal  agent  for  the  destruction  of  filamentous 
algae,  as  Spiro  gym. 

In  experiments  with  the  coal  tar  larvacide  in  laboratory  tanks  and 
under  actual  conditions  the  coal  tar  larvacide  was  found  destructive 
to  grass  in  dilutions  of  io  per  cent.,  the  grass  turning  brown  in  two 
or  three  days  and  drying  in  five  to  six  days.  When  Spiro  gym  was 
treated  with  the  larvacide,  dilutions  of  r  to  2,500  were  sufficient  to 
kill,  while  dilutions  of  1  to  5,000  and  1  to  10,000  greatly  reduced 
its  vigour. 

COMPOSITION  AND  SIZE  OF  MESH  OF  WIRE  SCREENING 

Two  extremely  important  factors  in  the  use  of  wire  screening  for 
protection  against  mosquitos,  are,  first,  the  size  of  the  mesh,  and 
secondly,  the  chemical  composition  of  the  wire  used.  In  regions 
where  it  is  only  necessary'  or  desirable  to  protect  against 
Anophelines,  a  No.  16  mesh  screening  (sixteen  holes  to  the  inclii 
would  answer  the  purpose,  and  where,  as  in  this  region,  it  is 
necessary  to  protect  against  some  of  the  smaller  species,  such  as 
Stegomyia  cal  opus,  a  No.  16  mesh  would  be  practically  safe,  but 
not  absolutely  so.  The  following  experiments  were  conducted  to 
determine  the  varieties  of  mosquitos  which  would,  under  stress  of 
circumstances,  pass  through  a  No.  16  mesh  wire  screening.  Out  of 
several  hundred  mosquitos  eight  common  species  were  able  to 
make  their  escape  through  a  No.  16  mesh  wire. 


Sex 

No.  of  specimens  escaped 

Stegomyia  calopus . 

Males 

10 

»  ... 

Culex  cubensis  . 

Females 

Male 

6 

I 

„  rejector  . 

„  ex  trie  a  tor  ... 

Male 

1 

Aedes  angustidittatus 

Female 

! 

Uranotaenia  lotcii  ... 

Female 

Female 

I 

I 

No  specimens  of  Ce.  albirnana  or  A.  pseudopunctipennis  escape 
through  No.  16  wire  mesh  screen,  although  several  hundred  were 
Tied.  The  methods  adopted  were  as  follows:  — 
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A.  A  square  wooden  box,  well  ventilated,  with  fine  crinoline 
gauze  screening  on  two  sides  and  glass  on  the  other  two  sides,  with 
a  central  replaceable  partition,  covered  with  No.  16  mesh  wire 
screening,  was  constructed.  Several  dozen  mosquitos  at  a  time,  of 
the  above  species  were  liberated  on  one  side  of  the  partition  without 
food  or  water,  and  on  the  opposite  side,  close  to  the  screen  partition, 
were  placed  water,  banana,  candy,  sugar  and  raisins  as  bait.  Only 
three  mosquitos  out  of  several  hundreds  of  several  varieties  passed 
through  the  No.  16  mesh  partition  under  the  conditions  of  the  experi¬ 
ment.  As  the  space  including  the  mosquitos  was  about  one-half  of  a 
cubic  foot  in  volume,  and  as  there  were  a  few  recesses  in  which  the 
mosquitos  could  hide,  an  electric  light  bulb  was  hung  in  such  a 
position  at  night  that  the  mosquitos  would  be  attracted  by  it,  but  this 
did  not  favour  the  passage  of  mosquitos  through  the  screen.  Tobacco 
fumes  were  passed  into  the  mosquito  compartment  with  a  rubber  bulb 
apparatus,  and  while  this  excited  the  mosquitos,  did  not  cause  any 
of  them  to  escape  through  the  screen.  When  a  persons  arm  was 
introduced  into  the  compartment  close  to  the  No.  16  mesh  wire 
partition  it  did  not  induce  the  mosquitos  to  escape  through  the 
screening. 

B.  Next  a  lantern-chimney,  covered  on  one  side  with  fine  mesh 
crinoline  gauze  and  on  the  other  side  with  a  metal  collar  holding  in 
place  a  piece  of  the  No.  16  mesh  wire  screening,  was  partly  filled 
with  various  mosquitos  and  placed  near  the  same  bait  as  before  under 
a  large  glass  bell  jar.  Eighteen  mosquitos  escaped  from  the  chimney 
through  the  No.  16  mesh  screening  into  the  surrounding  jar.  The 
closer  quarters  and  the  absence  of  resting  places  in  the  chimney 
evidently  favoured  the  escape  of  mosquitos  through  the  wire 
screening.  On  one  occasion,  by  passing  a  gust  of  air  through  the 
lantern  chimney  jar,  a  male  Culex  was  helped  through  and  escaped. 

The  conditions  in  the  experiments  were  all  rigid  and  more  extreme 
than  those  under  actual  conditions  where  mosquitos  are  trying  to 
enter  a  screened  house  from  the  open. 

The  chemical  composition  of  various  screening  material  used  was 
investigated  by  Dr.  R.  W.  Nauss,  formerly  of  this  Laboratory. 
Screening  of  excellent  quality  was  compared  with  that  which  had 
deteriorated  more  or  less  rapidly,  and  analyses  of  screens  and  then- 
incrustations  made  to  determine  the  factors  concerned  in  its  corrosion. 
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In  the  investigation  considerable  attention  was  paid  to  the  analyses 
of  the  efflorescence  or  incrustation  formed  on  the  screening  for  the 
determination  of  the  constituents  involved  in  the  corrosion.  The 
specimens  presenting  the  highest  degrees  of  deterioration  furnished 
the  largest  amounts  of  incrustation.  The  deterioration  of  the  screen¬ 
ing  is  largely  due  to  the  presence  of  iron  in  the  brass  alloy,  plus  the 
influence  of  a  hot,  moist  atmosphere. 

Observations  continued  over  a  period  of  four  years  on  screening 
made  of  copper  and  zinc  with  a  composition  nearly:  — 


Copper  ...  84-92 

Zinc  ...  ...  _ 

Iron  .  . 


89-94 

84-83 

88-59 

95*5 

— 

14-90 

— 

4M5 

— 

0-06 

0-04 

o-o 

showed  that  these  resist  the  corroding  actions  of  a  hot,  moist 
climate  much  better  than  screening  made  of  brass  with  an  average 
composition  of  :  — 


Copper . 

Zinc  ...  . 

Ir°n  . .’  ...  T  +- 

a°d  ^  *s  concluded  that  screening  intended  for  use  in  the  tropics, 
exposed  to  heat  and  moisture,  should  have  a  high  copper  content, 

higher  than  brass,  and  he  as  free  as  possible  from  the  presence  of 
iron. 


VALl^0F  DAILY  COLLECTION  AND  DESTRUCTION  OF  LIVE 
SQUITOS  CAUGHT  IN  BARRACKS  AND  QUARTERS 

Abundant  material  was  received  for  observations  on  the  value 
*  is  Prac^ce-  1  he  daily  catcli  of  mosquitos  from  barracks  of 
various  districts  would  be  sent  alive  to  the  laboratory.  The 
squitos  were  transferred  to  breeding  jars  and  fed  on  dates  or 
until  their  intestinal  tracts  were  free  from  blood.  They 
ien  killed  and  examined  for  zygotes  or  sporozoites.  The 
P  s  examined  were:  Ce.  albimana ,  Ce.  tarsimaculata,  Cl¬ 
ergy  rot  arsis,  Arr.  (?)  malefactor ,  and  A.  pseudo punctifennis.  A 
j  .  10  specimens  of  Culicines  were  also  examined  at  this  time, 

k'lr  n°te^0rthy*  anc*  sPeaks  well  for  the  practice  of  these  daily 
,  P’  *  'at  kut  one  naturally  infected  Anopheline  was  found, 
and  that  one  a  specimen  of  Ce.  argyrotarsis. 

of  tl  tCr  X  7  firSt  fort-y‘tllree  negative  dissections  no  record  was  kept 

five  hundre  1  nUm^er  exarn‘ne<^>  but  it  was  in  the  neighbourhood  of 
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EFFECT  OF  QUININE  ON  THE  MALARIAL  PARASITE  IN 
(A)  THE  MOSQUITO  AND  (B)  MAN 

A.  Nearly  all  the  infecting  experiments  were  conducted  on 
patients  who  were  receiving  the  routine  ward  treatment  of  quinine, 
grains  10,  ter.  die ,  in  solution,  so  that  apparently  quinine  in  these 
quantities  has  no  destructive  or  inhibitive  effect  on  the  parasites  in 
the  mosquito  because  the  zygotes  go  on  to  maturity  and  sporozoites 
appear  in  the  salivary  glands  in  from  nine  to  eleven  days. 

One  experiment  should  be  mentioned,  however,  because  the 
patient  received  no  quinine  for  several  days  before  the  mosquitos 
became  infected  and  none  during  the  experiment,  so  that  the 
mosquitos  never  received  any  quinine.  One  Ce.  albimana  contained 
the  rather  large  number  of  one  hundred  and  sixty-eight  zygotes  upon 
dissection.  It  should  be  mentioned  as  well  that  from  this  patient 
two  .4.  pseudo  pn  net  i  penu  is  became  infected.  It  may  be  that  quinine 
has  a  slight  inhibitory  effect  on  the  parasite  in  the  mosquito  s 
mid-gut. 

B.  The  following  tables  show  the  gradual  but  steady  decrease 
in  the  number  of  gametes  in  the  peripheral  blood  during  the  adminis¬ 
tration  of  quinine,  grains  io,  ter.  die ,  in  solution,  and  one  table  shows 
the  effect  of  withholding  quinine. 

The  differential  leucocyte  counts  are  tabulated  as  well,  and  in 
these  the  relative  increase  in  mononuclear  elements  lymphocytes, 
intermediate,  and  large  mononuclear  cell — the  latter  being  the  chief 
circulating  phagocytic  cell  in  malaria. 

As  indicative  of  blood  regeneration  and  the  secondary  effect  on 
the  homopoietic  organs,  it  is  interesting  to  note  the  increase  in  the 
eosinophiles. 


LItART  5*499  _  _ _ 

Dec. 

3° 

Dec. 

3' 

Jan. 

z 

Jan. 

5 

Jan. 

6 

Jan. 

8 

Jan. 

13 

Jan. 

*5 

Jan. 

23 

l-'eb. 

1 

Polymorphonuclear  . 

68 

65 

16 

I  a 

75 

6 

81 

65 

6**5 

65 

51 

53 

66 

ii'5 

Large  mononuclear  . 

1 

5 

6 

>3'5 

13 

1 1 

9' 5 

18 

Lymphocyte  . 

*T 

20 

'3 

1 1 

20 

16-5 

1 1 

>4 

Large  lymphocyte — 

Intermediate  . 

_ 

_ 

— 

8 

4 

'4-5 

7-5 

I  -»•  c 

Eosinophilc 

7 

5 

2 

8 

7 

1 1 

l4 

1  -  5 

Mast  ....  . 

f 

■ 

1 

t 

1 

1 

i-5 

O 

2 

1 

0-5 

Crescents  . 

fjj 

12 

76 

46 

40 

*5-5 

9 

5 

yJ 

-  - 

xrf 

T4 

— 

— 

— 
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The  table  given  above  shows  the  rate  of  diminution  in  the  number 
of  gametes  (crescents)  by  the  administration  of  quinine,  grains  io, 
tci.  die ,  in  a  Spaniard,  60  years  of  age,  on  Isthmus  twenty  months, 
whose  blood  contained  numerous  crescents  but  no  young  forms,  and 
whose  temperature  was  g;°  F.  continuously.  It  also  shows  the 
degree  oi  change  in  the  proportion  of  eosinophiles,  of  increase  in 
mast  cells,  very  slight  lymphocytosis  and  polymorphonuclear 
decrease. 

Compare  this  with  the  following :  — Case  48,987  of  malignant 
tertian  malarial  fever,  from  whom  quinine  was  withheld  for  twenty- 

four  days.  Spaniard,  on  the  Isthmus  three  months,  temperature 
normal  on  admission. 


1908. 

Nov. 

11 

Nov. 

24 

Nov. 

27 

Nov. 

30 

Dec. 

4 

Polymorphonuclear 

86 

C  7 

Large  mononuclear 

2 

53 

02 

42 

44 

Lymphocyte 

3 

22 

1 1 

16 

Large  lymphocyte 

9 

0 

39 

'4 

46 

3S 

Eosinophile 

2 

2 

2 

0 

0 

Mast 

3 

°  1 

1 

2 

Crescents  ... 

I 

0 

o 

0 

0 

1  u 

27 

12  1 

1 

8 

20 

n  this  case  the  continuance  of  the  gametes  in  the  peripheral 
ood  is  sti  iking.  1  lie  polymorphonuclear  decrease  and  the  lympho- 
ytosis  should  be  noted.  I  his  patient  received  no  quinine  during  the 
1  no  etween  November  11  and  December  6.  Young  malignant 
,Cr  lan  f°rmS  Were  a]ways  present  in  his  blood  with  gametes.  His 
*  tUrC  UtlS  |rreSu^ar»  and  irregularly  quotidian  in  character, 
fi  '  ^Panicud,  on  the  Isthmus  twenty  months,  temperature 
C.  ’  3  °°  .  Contained  on  admission  many  crescents  but  no  young 
quinine,  grains  10,  ter.  die ,  with  Fowler’s  solution,  gtts.  5- 


Chart  No. 


Polymorphonuclear 
,  r6e  mononuclear 
Lymphocytes 
^lnnph«rt„- 

Eosinophile 
Crescents  . 


53937 


Feb. 

5 

Feb. 

6 

Feb. 

8 

Feb. 

9 

Feb. 

11 

Feb. 

'4 

Feb. 

*5 

Feb. 

16 

Feb. 

'7 

69 

8 

iS 

4« 

33 

41 

20 

42 

11 

40 

19 

52 

1 1 

33 

20 

40 

18 

39 

23 

3 

0 

*7 

8 

0 

23 

10 

34 

8 

28 

5 

22'5 

io-5 

24 

6 

25 

>4 

23 

10 

2 

1 

6 

O 

1 

0-5 

0-3 

0 

2 

92 

87 

J* 

5 

48 

7 

20 

3-5 

3-5 

9 

4 

3 

3 

3 

2 

Feb. 

'9 


S*-5 

7'5 

23 

7 

0.5 

9'5 

V) 
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This  table  illustrates,  as  in  the  preceding  one,  the  steady 
disappearance  of  crescents  under  quinine,  grains  io,  ter.  die ,  also  the 
variation  in  the  proportions  of  leucocytes. 

It  should  be  said  that  the  specimens  of  blood  were  always  taken 
at  4.30  or  8.30  p.m.,  or  about  four  hours  after  a  meal. 

53,742 :  Spaniard,  sixteen  months  on  the  Isthmus  ;  blood  :  malig¬ 
nant  tertian  rings,  crescents,  ovoides ;  spleen  enlarged  to  umbilicus. 
February  1,  quinine,  grains  10,  ter.  die.)  February  6,  Fowlers 
solution,  gtt.  5,  ter.  die. 


History  No.  53742 


Feb. 

1 

Feb. 

2 

Feb. 

3 

Feb. 

5 

Feb. 

6 

Feb. 

8 

Feb. 

9 

Feb. 

1 1 

Polvmorphonuclear  . 

56 

1 7 

48 

44 

56 

42 

43 

42 

Large  mononuclear  . 

22 

16 

«5 

12 

18 

25 

27 

Lvmphocvtes  . 

1 5 

21 

27 

24 

8 

18 

14 

12 

Large  lvmphocvtes  . 

8 

4 

3 

8 

10 

12 

8 

9 

Eosinophile  . 

3 

5 

0 

1 5 

7 

>3 

9 

10 

9 

Mast  . 

1 

2 

1 

1 

1 

0 

1 

Pigmented  leucocytes  . 

_ 

■ 

1 

— 

— 

Crescents  . 

29 

22 

29 

•4 

10 

5 

5 

2 

Notes  : — Mood,  February  2,  6,500  leucocytes  per  mm.®. 

ltlood,  February  5,  containing  one  phagocyted  gamete. 


The  large  mononuclear  increase  is  striking. 

M.  L.,  Spaniard,  malignant  tertian  malaria,  returned  and  died. 
Autopsy,  March  28,  1909.  Quinine  grains  10,  ter.  die. 


Dec. 

26 

Dec. 

27 

Dec. 

28 

Dec. 

3° 

Dec. 

3i 

Jan. 

2 

Jan. 

13 

Polymorphonuclear 

Large  mononuclear  . 

48 

13 

65 

6 

60 

5 

64 

9 

70 

3 

65 

12 

14 

8 

45 

5 

34 

Lvmphocvtc 

34 

25 

32 

>4 

5 

l6 

Eosinophile  . 

4 

4 

3 

12 

I 

Mast  . 

— 

— 

— 

I 

_ _ 

Pigmented  leucocyte  . 

1 

— 

— 

' 

T 

O 

0 

Crescents . 

9 

5 

5 

4 

— - 

Note  : — Poikilocytosis  and  basophilia  of  red  blood  corpuscles  on  January  13. 
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The  following  two  records  arc  taken  from  cases  of  simple  tertian 
malaria  receiving  quinine,  grains  10,  ter.  die. 


History  No.  51 147 


History  No.  50792 


Quinine  discontinued  after  an  initial  dose.  Returned  January  II 
\'ith  malignant  tertian  malaria — seven  crescents  per  hundred 
leucocytes. 


Hospital  No.  507S2 


Dec. 

>4 

Dec. 

>5 

Dec. 

*7 

Dec. 

20 

Jan. 

•3 

Polymorphonuclear 

Large  mononuclear 

47 

40 

20 

47 

V- 

Lymphocyte 

34 

34 

39 

.  *3 

11 

EosinophUc 

16 

26 

37 

37 

4- 

Mast  ...  . 

3 

0 

4 

2 

4 

::Gametes 

0 

0 

0 

1 

— 

- - - - 

O 

0 

0 

O 

absence  of  gametes"  ' '  all"",aua  became  infected  from  this  case,  indicating  the 
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In  each  of  the  above  cases  the  rapid  polymorphonuclear  decrease 
and  the  equally  rapid  mononuclear  increase  should  be  noted. 

The  effect  of  quinine  administration,  then,  is  to  make  the  gametes 
gradually  disappear  from  the  peripheral  blood  by  the  destruction  of 
the  young  forms,  the  gametes  being  phagocyted  by  splenic  and  hepatic 
endothelium.  It  is  concluded  that  quinine,  grains  io,  ter.  die ,  in 
solution,  will  gradually  reduce  the  sexual  form  of  the  parasite  in  man 
to  a  non-infective  minimum  in  from  a  few  days  to  a  few  weeks, 
depending  on  the  severity  of  the  infection. 

In  simple  tertian  malarial  fever,  gametes  disappear  from  the 
peripheral  blood  within  two  or  three  days  under  quinine  treatment, 
and  generally  disappear  even  when  quinine  is  withheld,  if  the  patient 
is  at  rest.  There  are  never  as  many  gametes  in  the  peripheral  blood 
in  simple  tertian  as  in  malignant  tertian  malaria.  As  a  consequence, 
one  never  finds  as  many  simple  tertian  zygotes  as  malignant  tertian 
zygotes  in  infected  mosquitos. 


■ 
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PRELIMINARY  EXPERIMENTS  ON 
THE  EFFECT  OF  COLD  ON  VARIOUS 
DISEASES  IN  SMALL  ANIMALS 


BY 

PROFESSOR  MAJOR  RONALD  ROSS,  C.B.,  F.R.S., 

AND 

MAJOR  C.  L.  WILLIAMS,  I.M.S.  (Retired) 

( Received  for  publication  11  June,  /<?/o) 

Prefatory  Note  by  R.  Ross 

Some  years  ago  Sir  Edwin  Durning-Lawrence,  Bart.,  offered 
funds  to  the  Liverpool  School  of  1  ropical  Medicine  for  the  purpose 
of  experimenting  on  the  effect  of  cold  on  Yellow  Fever — a  subject  in 
which  he  had  long  been  interested  owing  to  various  reports  which  had 
come  to  his  knowledge.  The  School  found  it  difficult  to  give  effect  to 
his  wishes,  and  the  matter  was  allowed  to  drop. 

For  a  long  time  I  have  felt  that  much  experimental  work  still 
remains  to  be  done  regarding  the  cure  of  parasitic  diseases,  especially 
by  such  simple  natural  agencies  as  heat  and  cold.  Most  of  the  animal 
parasites  occur  most  frequently  in  persons  who  live  in  warm  climates, 
that  is  to  say,  they  are  accustomed  to  live  in  hosts  who  themselves  live 
under  conditions  favourable  to  the  said  parasites.  There  may  be 
reasons  for  thinking  that  if  these  conditions  are  abruptly  altered  the 
result  will  be  harmful  to  the  parasites,  just  as  abrupt  changes  are  apt 
to  be  harmful  to  higher  organisms.  Of  course,  the  temperature  of 
the  patient’s  body  is  not  markedly  changed  by  alteration  of  external 
temperature ;  but,  nevertheless,  certain  changes  may  be  produced  in 
his  blood  or  tissues  which  are  likely  to  be  inimical  to  parasites  living 
in  him.  I  cannot  point  to  any  very  definite  prima  facie  evidence  in 
favour  of  this  view,  but  some  general  observations  may  be  mentione 
F or  example,  it  is  a  common  custom  to  send  patients  suffering  from 
malaria  to  temperate  climates,  as  to  the  hills  in  India.  From  my  own 
clinical  experience  I  certainly  think  it  is  easiei  to  treat  malaria  in 


226 


England  than  in  the  tropics,  and  easier  to  treat  it  in  the  cool  season 
in  the  tropics  than  in  the  very  hot  season— that  is  to  say,  I  think  that 
a  given  dose  of  quinine  will  produce  least  effect  in  the  hot  climates  in 
which  the  parasites  are  most  easily  propagated.  Moreover,  if  we 
make  a  careful  study  of  statistics  in  India,  we  often  observe  a  sudden 
rise  in  the  malaria  rate  at  the  end  of  the  cold  season,  long  before 
any  new  brood  of  Anophclines  has  hatched  out.  True,  this 
rise  may  be  partly  explained  by  the  emergence  of  old 

Anophelines  from  hibernation;  but  it  may  also  be  due 

to  relapses  caused  by  the  greater  heat.  There  are  also  many  observa¬ 
tions  on  record,  especially  in  Italy,  suggesting  that  season  affects  the 
plasmodia,  especially  the  sexual  forms,  quite  apart  from  the  prolifera¬ 
tion  of  the  carrying  agents.  Human  trypanosomiasis  occurs  in  persons 
in  veiy  hot  climates,  and  may  just  possibly  be  retarded  if  such  persons 
are  removed  to  cold  ones.  In  one  case  of  complete  cure  known  to  me, 
marked  improvement  occurred  when  the  patient  was  subjected  to 
considerable  cold,  accompanied  by  healthy  exercise  and  open  air  in 
Scotland.  Dysentery  seems  to  improve  much  more  rapidly  in  cool 
climates  than  in  hot  ones.  Possibly  the  effect  may  only  be  a  slight 
one  ;  but  it  is  well  worth  while  to  study  whether  there  is  any  effect  at 
,  and  if  so  how  much  because  anything  that  concerns  so  important 
a  matter  as  the  treatment  of  disease  is  worth  considering.  Still  greater 
ipioxement  might  be  effected  in  many  maladies,  especially  diseases 
e  respiratory  system,  and  of  the  skin,  if  cold  is  combined  with  a 

very  dry  and  pure  atmosphere,  and,  of  course,  with  other  forms  of 
treatment. 

.  ^aVCar’  l^cic^°re»  I  asked  Sir  Edwin  Durning-Lavvrence 
•  r  •  16  llot  assist  us  to  carry  out  researches  on  these  points 

1  ■  'erpo° ;  assented  at  once,  and  suggested  that  I  should  ask 

riend,  Sir  Alfred  Haslam,  the  head  of  the  great  refrigerating  works 

temnp1  T  l°  C°“StrUCt  a  chamber  capable  of  being  kept  at  the  requisite 

made  d  1^'  hC  re5U,t  WaS  that  the  Has,am  Engineering  Company 
made  such  a  chamber  at  the  University  Laboratories  of  this  School 

rUptionsT,P|!ted  °n  Septeaiber  I0th>  1909,  and  after  a  few  inter- 
William  *  aS  CCn  <ept  cont,nu°usly  running  ever  since.  Major  C.  L 
Sept em he  char^e  of  the  experiments  from  early  in 

conducted  by  Dr. ^pri1’  Wo,  since  when  the  work  has  been 
■  J-  ■  homsOn.  At  the  time  when  Dr.  J.  G. 
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Thomson  commenced  his  labours,  Dr.  David  Thomson  and  myself 
had  just  elaborated  what  we  call  Enumerative  Methods*  for  the 
study  of  parasitic  diseases,  and  these  have  now  been  employed  for 
die  Cryotherapy  work.  In  this  paper,  however,  we  record  only  the 
preliminary  experiments  conducted  by  the  old  methods — which  were 
die  only  ones  used  by  Major  Williams. 

Our  warm  thanks  are  due  to  Sir  Edwin  Durning-Lawrence  for  his 
munificence  regarding  this  extensive  line  of  research,  and  to  Sir 
Alfred  Haslam  for  the  great  interest  which  he  has  taken  in  the  matter. 


Summary  of  Experiments  from  the  10th  September ,  1909,  to  13th 

April,  1910 

By  Major  C.  L.  WILLIAMS,  l.M.S. 

The  chamber  is  12  feet  long  by  ^  feet  wide  by  feet  high,  with 
a  cubic  content  of  about  540  feet,  and  can  be  kept  at  any  temperature 
between  about  i5°F.  (-940  C.)  and  I50°F.  (65-5°  C.).  The  motor 
was  worked  usually  from  about  7.45  a.m.  to  5.30  p.m.,  but  had  to  be 
stopped  at  intervals,  perhaps  for  an  hour  or  two  at  a  time  whenever 
200  F.  was  reached.  Usually  it  rose  during  the  night  to  36°  or 
38°  F,  or  thereabouts,  and  that  would  be  the  initial  temperature  at 
7.30  a.m.  at  the  time  of  starting  the  machinery.  The  temperature  was 
reduced  by  an  ammonia  compressor  worked  by  a  6-h.p.  motor  and  a 
fan  driving  in  air  through  a  chamber  in  which  a  saturated  solution 
of  calcium  chloride  was  kept  constantly  trickling  over  corrugated  iron 
plates. 

In  theory  the  air  is  not  supposed  to  change  or  be  lefreshed  b) 
additions  of  outside  air,  but  apart  from  the  rush  of  air  into  the 
chamber  each  time  the  door  was  opened,  a  procedure  necessary  several 
times  a  day,  the  absence  of  smell  and  the  practically  inappreciable 
amount  of  CO,  and  organic  matter  in  the  air  when  tested  chemically 
point  very  strongly  to  a  rapid  removal  of  respiration  products  :  an  , 
moreover,  the  animals  in  the  chamber  at  no  time  showed  any  signs  o 
intoxication  by  impurities  of  re-breathed  air. 

The  low  humidity  of  the  air  in  the  chamber  is  no  doubt  a  strong 
factor  in  the  results.  It  varied  usually  from  about  50  to  <>o  per  cen 


*  Vide  page  261  of  this  number. 
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being  higher  on  days  when  the  humidity  outside  was  high,  and  being 
raised  each  time  the  door  had  to  be  opened  to  admit  of  feeding,  taking 
observations,  etc.  To  the  observer  it  proved  very  invigorating,  com¬ 
parable  probably  to  the  air  in  the  interior  of  Canada.  The  animals  in 
the  chamber,  too,  seemed  more  active  and  more  interested  in  their 
surroundings  than  the  controls  which  were  kept  in  a  greenhouse, 
artificially  heated,  but  with  a  very  varying  temperature  and  with  the 
humidity  of  the  outside  air.  Curiously  enough,  the  animals  in  the 
control  house  threw  out  actually  longer  coats  than  those  in  the  cold 
chamber,  and  their  appetites  were  markedly  less. 

The  animals  subjected  to  the  influence  of  the  cold  were  guinea- 
pigs,  rats  and  mice.  The  animals  were  placed  in  cages,  well  bedded 
and  well  fed,  fat  and  proteid  especially  being  provided  in  their  diet. 

The  diseases  brought  under  the  influence  of  the  cold  were  chiefly 
various  trypanosomiases,  with,  in  addition,  tubercle  (bovine),  cancer 
(in  mice),  tetanus,  and  spirochaetosis,  and  the  results  during  over  eight 
months’  observation  are  tabulated  below.  During  the  eight  months 
there  were  occasional  intermissions  for  a  few  days  for  repairs  to 
machinery,  etc.,  but  they  amounted  to  but  quite  a  few  days  in  all. 

In  the  table  it  will  be  noted  that  four  animals  died  of  pneumonia, 
an  epidemic  of  which,  unfortunately,  occurred  at  one  period  and 
carried  off  several  of  the  animals  under  observation.  It  was  probably 
introduced  with  some  wild  rats  placed  at  first  near  the  controls,  but 
affected  both  controls  and  cold  chamber  subjects  equally. 

The  influence  of  T.  lewisi  is,  in  any  case,  difficult  to  ascertain  as 
rats  recover  spontaneously  from  this  affection  ;  but  it  will  be  noted 
that  the  only  animal  which  failed  to  show  trypanosomes  after  inocula¬ 
tion  with  T.  brucei  was  one  in  the  cold  chamber.  The  dose  in  all 
cases  was,  of  course,  the  same,  in  terms  of  c.c.  for  the  animal  observed 
and  its  control,  but  the  actual  number  of  trypanosomes  injected  must 
vary  within  very  wide  limits,  and  this  factor  will  influence  the  incuba¬ 
tion  periods.  Whereas  it  seems  to  be  somewhat  delayed  in 
T.  lewisi  it  varies  but  little  in  the  other  trypanosomes.  There  was 
a  small  prolongation  of  life  in  the  Ngana  and  Caderas  cases,  but 
this  did  not  hold  good  for  T.  lewisi  and  Dourine. 

Twelve  mice  were  inoculated  with  cancer,  and  six  put  into  the  cold 
chamber;  five  lived  50,  51,  56,  70  and  90  days  respectively,  whereas 
their  six  controls,  two  lived  56  and  76  days  respectively. 
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Of  the  remainder,  three  controls  failed  to  develop  tumours,  and 
one  each  in  the  control  and  cold  chambers  died  within  a  few  days  of 
inoculation. 

Six  mice  were  also  put  into  the  cold  chamber  uninoculated  as 
controls,  and  of  them  two  are  still  alive  (21  Feb.),  well  and  vigorous, 
after  120  days,  showing-  that  cold  per  sc  had  no  bad  effect  on  them; 
whilst  two  were  eaten  by  their  comrades  after  respectively  24  and  42 
days  residence  in  the  cold  chamber,  and  two  died  of  natural  causes  in 
56  and  62  days. 

Some  mice  were  also  infected  with  Spirochaetn  duttoni,  but  no 
appreciable  influence  on  the  course  of  this  disease  could  be  observed  in 
them. 


Five  guinea-pigs  with  tetanus  were  placed  under  observation,  a 
case  of  a  boy  cured  of  that  disease  whilst  being  treated  in  a  refrige¬ 
rator  having  been  reported  by  Crane  (‘  St.  Louis  Medical  Review/ /th 
July,  1906).  Of  the  tetanus  guinea-pigs,  one  injected  with  ^  c.c. 
of  a  culture  and  placed  in  the  cold  chamber,  died  in  9^  days,  but  it  is 
veiy  doubtful  if  it  died  of  tetanus  :  two  injected  with  ,5^5  and 
1  uno  c.c.  respectively  and  kept  as  controls  never  showed  any 
symptoms;  whilst  two  injected  with  c.c.  and  placed  one  in  the 
cold  chamber  and  one  as  control  died  with  similar  symptoms  in  a 
similar  time — something  over  30  hours. 

An  Englishman  suffering  from  sleeping  sickness  of  some  three 
months  duration,  and  contracted  in  N.  Rhodesia,  was  submitted  to 
a  course  of  treatment  in  the  chamber  from  January  5  onwards  to  the 
end  of  that  month.  Ordinarily  he  came  from  the  hospital  in  which  he 
y  cab  about  10  a.m.,  and  rested  in  the  chamber,  well  wrapped 
p,  ti  about  3.30  p.m.  In  all  he  had  a  course  (interrupted  for  some 
cays)  o  twelve  days,  or  some  53  hours  in  all,  of  cold  air.  The  tern* 
perat  ure  wag  gradually  decreased  till  240  F.  was  reached.  He  himself 
sai  ie  elt  much  better  for  the  treatment,  which  acted  on  him  as  a 
,•  .  .  U*  111  tbe  s^lort  period  he  was  under  observation  no  visible 

on  w  as  apparent  in  the  number  of  trypanosomes  in  the  blood. 

WnS  ff.e.ttlng  atoxy1  simultaneously  at  his  hospital.  Several  times 
rest  t  •  ack_j~a  cl,stance  of  fully  il  mjleS — after  his  cold  chamber 
and  h  l\,SmCr  1<ebruar>/  1  he  has  not  been  able  to  leave  the  Hospital, 

;  cl  has  therefore  been  unable  to  utilise  the  action  of  cold  in  altering 

and  thereby  the  culture  media  his  bod>' of  T ■ 
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As  regards  increase  or  loss  of  weight  in  the  animals  under  observa¬ 
tion,  most  of  them  were  young,  and  their  weights,  of  course,  increased 
by  mere  growth.  Heavier  coats  also  added  to  the  weight.  Of  those 
on  which  accurate  data  can  be  founded  the  results  are  as  follow :  — 
Number  of  animals  :  Rats,  19;  guinea-pigs,  8.  Rats:  Gained  weight, 
14;  lost  weight,  5.  Guinea-pigs  :  Gained  weight,  6  ;  lost  weight,  2. 


Animal 

Cold  Chamber 

Coni 

rROLS 

Total 

Gained 

weight 

Lost 

weight 

Gained 

weight 

Lost 

weight 

T.  letcisi  (rats) . 

3 

1 

1 

1 

6 

T.  equiperdum  (rats)  . 

6 

1 

4 

2 

'3 

T.  brucei  (guinea-pigs) . 

3 

- 

2 

- 

5 

Tubercle  . 

- 

1 

1 

- 

2 

7.  evansi  . 

- 

- 

- 

1 

1 

Total  . 

12 

3 

8 

4 

27 

Put  shortly,  all  the  animals  in  the  cold  chamber  gained  weight 
except  three,  of  which  one  was  a  case  of  tubercle :  showing,  on  the 
whole,  and  as  far  as  the  small  figures  go,  a  favourable  influence  on 
their  general  nutrition.  But  these  figures  are  amply  supported  by  the 
obvious  increase  in  weight  of  practically  all  the  animals  in  the 
chamber,  though  their  immaturity  in  most  cases  makes  the  actual 
results  in  grams  of  weight  gained  of  less  value  from  the  point  of  view 
of  influence  of  cold  per  se. 

Finally,  as  regards  the  temperatures  of  the  animals,  no  constant 
effect  could  be  observed  in  the  influence  of  the  cold  chamber,  and 
'hose  in  and  those  out  varied  equally  irregularly,  with  no  permanent 
ratio  between  the  one  and  the  other. 

^oteon  12  April,  1910.  The  result  of  further  experiments  carried 
out  since  February  21  and  bringing  the  observation  period  up  to  over 
eight  months  is  as  follows 

Six  guinea-pigs  were  inoculated  with  bovine  tubercle  (o  1  mgr. 
culture)  on  the  27th  November,  and  three  placed  in  the  cold  chamber 

p 
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and  three  outside,  with,  of  course,  uninoculated  controls  in  both  cases. 
The  uninoculated  controls  throve  and  call  for  no  remark,  except  that 
one  in  the  cold  chamber  died  after  34  days  of  no  obvious  cause,  there 
being-  only  a  little  lung  congestion  evident  in  post  mortem.  Of  the 
inoculated,  all  are  still  alive,  and  those  in  the  cold  chamber  have  now 
been  in  it  137  days,  and  seem  quite  fit  and  well.  One  female  has 
aborted  twice,  but  whether  from  the  cold,  the  tubercle,  or  other  cause, 
cannot  be  definitely  stated.  Only  three  were  apparently  mature  at 
the  time  of  inoculation,  and  their  weights  in  the  case  of  two  inoculated 
have  risen  in  one  case  from  400  to  653  grams,  and  fallen  in  the  other 
from  77 2  to  747  ;  whilst  the  third,  uninoculated,  has  risen  from  622  to 
794.  Their  temperatures  have  not  shown  any  very  striking  varia¬ 
tions  ;  but  the  swelling  over  the  site  of  inoculation  burst  fully  a  month 
sooner  in  the  two  controls  outside,  in  which  rupture  has  occurred,  than 
in  the  one  in  the  cold  chamber,  which  developed  suppuration;  and 
this,  as  far  as  it  goes,  points  to  some  diminution  of  the  virulence  of 
the  bacilli  in  the  cold  chamber. 

Four  guinea-pigs  have  since  (22  March)  been  inoculated  with 
human  tubercle,  and  three  of  them  are  at  present  under  observation, 
one  having  died  soon  after  inoculation. 

Six  guinea-pigs  were  inoculated  with  T.  gambiense  on  the  14^ 
December,  and,  as  usual,  placed  three  in  the  cold  chamber  and  three 
outside  as  controls.  All  failed  to  show  trypanosomes  in  the  peripheral 
blood.  One  in  the  cold  chamber  died  16  days  after  inoculation,  but 
no  trypanosomes  were  found  in  the  heart’s  blood  post  mortem,  and 
it  probably  died  of  other  causes.  The  other  five  were  again  inoculated 
on  the  4th  March,  and  again  failed  to  show  trypanosomes.  But  a 
third  inoculation  on  March  30  has  been  successful  and  interesting, 
inasmuch  as,  whereas  the  three  outside  showed  parasites  in  their 
peripheral  bloods  on  the  fifth  day,  of  the  two  inside  one  only  showed 
them  very  scantily  on  the  eighth  day,  and  has  not  shown  them  since, 
the  other  has  so  far  not  shown  them  at  all :  a  result  pointing  strongly 
towards  at  least  a  delayed  development  in  those  in  the  colder  air. 

Several  rats  have  been  inoculated  with  cultures  of  pneumococcus, 
but  so  far  no  marked  difference  has  been  observable  in  their  symptoms, 
whether  in  or  out  of  the  chamber,  and  none  have  died  so  that  the} 
remain  under  observation,  and  the  final  result  will  only  become 
apparent  later. 
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MALARIA  PREVENTION  IN  JAMAICA 

BV 

Sir  RUBERT  BOYCE,  F.R.S, 

DEAN  OF  THE  LIVERPOOL  SCHOOL  OF  TROPICAL  MEDICINE 

(. Received  for  publication  16  June ,  1910 ) 

Plates  XVI-XVII 

Although  it  is  too  early  to  sum  up  the  results  of  the  special 
Commission  appointed  in  October  to  enquire  into  the  malarial 
problem  in  [amaica,  nevertheless,  as  the  methods  of  procedure  of  the 
Commission  are  of  real  and  practical  interest  at  a  time  when  it  is 
incumbent  upon  all  colonies  to  take  steps  to  abate  the  malaria 
nuisance,  I  have  considered  the  narration  of  the  following  facts  not 
without  interest,  as  I  have  had  myself  an  opportunity  of  examining 
the  work  in  progress,  and  as  an  important  paper  dealing  with  the 
subject  of  malaria  in  Jamaica  has  appeared  in  a  previous  number  of 
these  1  Annals.’* 

Appointment  of  the  Commission 

The  Commission  was  appointed  by  Sir  Sydney  Olivier,  K.C.M.G., 
the  Governor,  on  October  16,  1909,  and  consisted  of  the  following 
representative  members :  — 

The  Colonial  Secretary,  P.  C.  Cork, 

The  Archbishop  of  the  West  Indies, 

The  Senior  Medical  Officer,  Dr.  Kerr, 

Dr.  Turton, 

Dr.  Grabham,  Entomologist, 

Messrs.  Gideon  and  Hurt. 

Mr.  F.  N.  Isaacs  was  subsequently  appointed  Secretary.  The 
selection  of  the  Commission  was  a  wise  one,  the  members  being  fully 
alive  to  the  importance  of  the  work — sanitarians  of  pronounce 
modem  views,  and  in  several  instances  gentlemen  who  ha 
contributed  valuable  papers  upon  the  subject,  or  who  had  had  previous 
experience  of  anti-malarial  work  in  other  colonies. 

*  Annals  of  Trop.  Med.  and  Parasit.  Vol.  HI,  No.  4- 
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Power  and  scope  of  the  Commission 

The  Commission  had  considerable  power  and  a  comparatively 
free  hand.  They  were  directed  to  conduct  investigations,  to  summon 
witnesses  if  necessary,  employ  inspectors  and  experts  to  assist  and 
advise  them.  They  were,  furthermore,  empowered  to  carry  out 
remedial  and  preventive  works  for  the  abatement  of  malaria  indepen¬ 
dent  of  local  sanitary  bodies,  and  to  conduct  medical  and  biological 
investigations  and  to  report  from  time  to  time.  They  were  authorised 
to  spend  for  scientific  and  preventive  measures  a  sum  in  the  first 
instance  not  exceeding  £500  without  obtaining  further  authority. 
They  were  also  asked  to  report  upon,  and  to  devise  measures  to 
prevent  other  diseases  which  they  might  come  across  in  the  course  of 
their  investigations. 

First  steps  of  the  Commission 

f  his  consisted  in  ascertaining  the  prevalence  and  distribution  of 
malaria  in  the  Island.  In  the  first  place  the  Commission  paid  a  just 
tribute  to  the  Report  upon  Malaria  in  Jamaica  drawn  up  by  Dr. 
Prout,*  in  which  both  the  causes  of  malaria  and  the  principles 
necessary  for  its  control  were  fully  discussed. 

In  the  second  place  they  asked  for  returns  of  all  the  cases  of 
malaria  in  the  island,  and  Dr.  Grabham,  one  of  the  members  of  the 
Commission,  took  a  splenic  census  of  the  West  end  district  of 
Kingston.  The  Secretary,  Mr.  Isaacs,  proceeded  to  Annotto  Bay  to 
make  a  survey  of  the  town  and  district  in  order  to  ascertain  the  anti- 
malarial  measures  which  could  with  advantage  be  introduced. 
Similarly  the  Black  River,  Yallahs,  Morant  Bay  and  Bath  districts 
were  visited  and  inspected  for  breeding  places  of  Anophelines,  in 
order  to  devise  methods  for  their  reduction. 

h  rom  these  preliminary  investigations  the  Commissioners  were 
able  to  report  in  February,  1910,  that  one-half  the  Island  was  practi¬ 
cally’  free  from  malaria-carrying  mosquitos.  This  area  comprised 
those  parts  of  the  Island  above  1,000  feet.  Below  1,000  feet  the 
Anophelines  were  found  in  varying  numbers,  and  were  greatest  in 
the  low-lying  plains  near  the  sea  coast,  where  natural  drainage  was 
most  difficult.  Breeding  places  existed  in  the  East  and  West 
end  districts  of  Kingston  and  the  West  End  constituted  a  badly 
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infected  endemic  centre ;  a  splenic  census  taken  by  Dr.  Grabham  in 
December,  1909,  disclosing  a  malaria  rate  of  65  per  cent.  The  cases 
which  were  received  into  the  Kingston  Hospital  came  mainly  from 
this  district.  In  this  district  also  investigations  disclosed  the 
interesting  fact  that  the  breeding  places  were  to  a  very  large  extent 
artificial,  and  therefore  preventable  collections  of  water,  mainly  due 
to  the  abuse  of  the  filtered  water  supply  of  the  town  and  to  neglected 
drains  and  gullies.  In  company  with  Mr.  Isaacs,  I  visited  this 
district  in  April  of  this  year— 1910 — and  observed  for  myself  a 
miniature  but  complete  system  of  irrigation  consisting  of  streams, 
rills,  ponds  and  pools,  all  fed  and  kept  up  by  the  simple  device  of 
turning  the  taps  of  the  domestic  water  supply  full  on,  night  and  day. 
This  method  yielded  an  abundant  supply  of  water,  and  enabled  an 
extensive  and  profitable  market-gardening  system  to  be  carried  on 
in  the  midst  of  Kingston.  Looking  down  upon  the  town,  the  district 
in  question  could  be  readily  picked  out  by  reason  of  its  conspicuous 
green  appearance,  the  result  of  the  growth  of  banana  trees  and  vege¬ 
tation  generally.  The  houses  of  the  coolies  and  others  who  were 
the  principal  cultivators  in  the  district  were  very  numerous,  and  in 
these  the  Anophelines  kept  up  an  abundant  supply  of  malaria  cases, 
and  helped  to  spread  the  disease  to  wider  areas  around.  Thus 
Kingston  presented  a  picture,  of  on  the  whole,  a  well-planned  and 
drained  town,  from  which  yellow  fever  and  malaria  had  been  driven 
out  and  were  no  longer  endemic  ;  but  in  it  there  existed  a  compara¬ 
tively  small,  thickly-populated  area  where  malaria  was  still  endemic, 
and  the  cause  of  the  formidable  number  of  cases  of  malaria  entered 
on  the  books  of  the  Public  Hospital.  A  more  striking  and  instruc¬ 
tive  picture  of  the  inter-relationship  of  Anophelines  and  their 
breeding  places  with  the  prevalence  of  malaria  could  probably  not 
be  easily  paralleled  in  a  similar  area  anywhere.  It  serves  to 
conclusively  demonstrate  the  utility  and  importance  of  making 
investigations.  The  unnecessary  suffering  and  expenditure  of  money 
caused  by  this  endemic  focus  were  naturally  considerable,  and  the 
wanton  waste  of  money  caused  by  utilising  the  filtered  town  water 
^pply  for  market-gardening  purposes  has  a  comical  aspect  were  it 
not  associated  with  such  serious  consequences.  The  Commissioners 
were  not  slow  in  pointing  out  how  readily  this  glaring  abuse 
be  remedied,  and  how  by  the  construction  of  better  drams  and  y 
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more  vigorous  filling-in  operations  this  endemic  focus  might  be 
rendered  malaria-free.  The  photographs  which  1  have  had  taken, 
and  which  are  inserted  in  this  paper,  show  very  conclusively  the 
extent  of  Anopheline  breeding  grounds  which  the  abuse  of  the 
domestic  water  supply  can  bring  about,  if  not  properly  controlled. 

The  Commission  started  filling-in  operations  in  the  offending 
district,  and  took  steps  to  distribute  quinine  at  cost  price  to  the 
authorities  of  all  malarial  districts.  I  hey  also  arranged  for  the 
training  of  sanitary  inspectors,  so  that  the  latter  could  be  in  a  position 
to  ferret  out  breeding  places  ;  Dr.  Grabham  took  on  himself  this  par; 
of  the  work  of  the  Commission.  Public  lectures  were  also  delivered 
at  various  centres  throughout  the  Island.  In  conclusion,  the 
Commission  has  in  a  short  space  of  time  done  good  work— it  has 
ventilated  the  subject  of  malaria ;  it  has  placed  its  finger  upon  the 
offending  spots ;  it  has  shown  with  what  comparative  ease  and  at 
what  small  cost  the  remedy  can  be  obtained  ;  and  it  has  commenced 
to  enforce  the  remedy. 

Tables  showing  the  deaths  from  malaria  in  the  various  parishes 
from  the  year  189;  are  appended. 
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Death  RateSjfor  ‘  Malaria  ’  for  the  years  1897-98  to  1908-1909 


Year 


1897- 1898 

1898- 1899 

1899- 1900 

1 900-  1 90 1 

1901- 1902 

1 902-  1 903 

1903- 1904 

1904- 1905 

1 905 - 1 906 

1 906-  1 907 

1907- 1908 

1908- 1909 


Malaria 


Rate  per 

100  deaths 

Rate  per  1000  of  population 

Parish  of 

Whole  Island 

Parish  of 

Whole  Island 

Kingston 

excluding 

Kingston 

excluding 

Kingston 

Kingston 

4-5 

o-8 

'•3 

o-i 

3-2 

o-8 

o-8 

o-i 

3-4 

ro 

0-9 

0-7 

2*1 

07 

o-  5 

o-i 

4-8 

o-8 

I-3 

0-1 

3-6 

2-2 

0-9 

o-4 

2-6 

2-3 

o-7 

o-5 

2-9 

1-9 

o-8 

0-4 

5-6 

2-2 

i-6 

04 

4-3 

2-1 

i-6 

0-5 

4-5 

2-6 

i-6 

0-7 

2-9 

2-4 

0-9 

°'5 

Plates  XVI-XVII 

Anopheline  Breeding-pools  in  Jamaica 


PLATE  XV! 


p.  p. 
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ON  SOME  SPECIES  OF  CYCLOPS  AND 
OTHER  ENTOMOSTRACA  COLLECTED 
BY  DR.  }.  M.  DALZIEL  IN  NORTHERN 
NIGERIA 

BY 

G.  STEWARDSON  BRADY,  M.D.,  LL.D.,  D.Sc.,  F.R.S. 

( Received  for  publication  21  Juno,  1910) 

PLATES  XVIII-XX 

The  species  here  described  were  collected  by  Dr.  Dalziel  at  \rola 
in  Northern  Nigeria,  in  the  course  of  a  research  on  the  Life  History 
of  the  Guinea  Worm.  The  specimens  were  sent  to  me  for  descrip¬ 
tion  by  Mr.  J.  H.  Ashworth,  of  the  Zoological  Department  of 
Edinburgh  University,  and  examples,  as  far  as  possible,  of  the  various 
species  have  been  sent  to  the  University  for  future  reference.  Some 
few  types  are,  however,  unavoidably  absent.  Dr.  Dalziel  made 
careful  notes  of  the  various  localities  from  which  his  specimens  were 
taken,  which  I  here  transcribe.  The  sources  of  each  particular 
species  are  indicated  by  the  letters  affixed  to  the  descriptions. 

Sources. 

A.  Turbid  bush-pools  with  muddy  bottom,  frequented  by  cattle 
and  containing  fish. 

B.  Surface-well  in  clay,  free  from  water  plants,  but  with  grass 
and  weeds  dipping  down  the  sides  to  the  water’s  edge. 

C.  Marshes  or  pools  of  clear  water  when  undisturbed  ;  bottom  of 
mud  or  of  grass  coated  with  sediment;  containing  Lenina , 
A' ymphoea  and  other  water  plants,  and  fringed  with  rank  grass. 

D.  Small  pools  of  clear  water  in  shrinking  bed  of  River  Benue, 
recently  isolated  and  therefore  not  long  stagnant,  and  containing 
flocculent  viscid  algae,  insect  larvae,  etc. 

£•  Benue  River,  small  bays  and  backwaters  of  clear  water  but 
no  current,  sandy  edges  and  bottom  with  some  vegetable  debris  and 
sediment,  but  no  growing  vegetation. 
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It  may  be  useful  to  future  workers  in  this  field  to  note  here  some 
of  the  points  which  need  special  attention  in  determining  the  various 
species  of  Cyclops. 

1.  The  number  of  joints  in  the  anterior  antennae  and  the  length 
of  the  limb  relatively  to  the  body  of  the  animal. 

2.  The  numbers  of  joints  in  the  rami  of  the  four  pairs  of  natatory 
feet. 

3-  I  he  characters  of  the  rudimentary  fifth  pair  of  feet. 

4.  The  characters  and  proportional  length  of  the  caudal  rami. 

The  general  outline  of  the  body  and  its  various  segments  should 
be  noted,  and  in  living  specimens  the  colours  of  the  body  and  egg- 
sacs  may  provide  useful  characters. 

Dr.  Dalziel  s  attention  seems  to  have  been  almost  entirely  directed 
to  the  Cyclopidae  as  being  probably  the  intermediate  bearers  of 
human  parasites,  but  it  is  quite  likely  that  these  hosts  might  also  be 
found  among  the  Ostracoda.  In  two,  at  least,  of  the  British  species 
of  that  group  I  have  myself  found  scolices  of  an  undetermined 
species  of  1  aenia,  and  in  yet  another  Ostracod  many  specimens  of 
a  larval  1  rematode  worm,  as  well  as  a  fully  developed  worm 
belonging  to  the  group  Acanthocephala.  A  brief  reference  to  these 
may  be  found  in  my  paper  on  the  British  species  of  Candoninae. 
(Proceedings  of  the  Zoological  Society  of  London,  1910,  Part  1.) 


COPEPODA 

Cheops  nigeriae,  n.  sp.  Plate  XVIII,  figs.  1-;. 

Female ,  length  o  88  mm.  Bodyr  robust  (fig.  1),  cephalic  segment 
as  broad  as  long,  rounded  and  slightly  produced  in  front;  the  two 
ol lowing  segments  expanded  laterally  and  obtusely  angulated 
ehind;  last  thoracic  segment  very  small;  urosome  rather  short  and 
stout,  about  one-third  as  long  as  the  anterior  portion  of  the  body; 
t,enital  segment  moderately  dilated;  caudal  rami  as  long  as  the 
umte  lengths  of  the  last  two  segments,  slightly  tapering  distall}'. 
seta  of  the  outer  margin  attached  rather  behind  the  middle,  apical 
rf  6  ?n§'’  thC  lnnermost  considerably  longer  than  the  entire  urosome 
fl  ^nter*or  antennae  (fig.  4)  eleven-jointed,  reaching  when 

?  T<e,  t0  thc  midd,e  of  tlle  second  body-segment,  rather  sparingly 
0  e  with  setae  of  moderate  length.  Natatory  feet  short  and 
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stout,  with  both  rami  bi-articulate  (fig.  6);  last  pair  of  feet 
two-jointed  (fig.  2),  the  basal  joint  short  and  not  very  distinct,  apical 
joint  slender,  bearing  two  long  setae,  the  distal  one  being  needle- 
shaped.  Colour  stated  by  Dr.  Dalziel  to  be  ‘  greyish  green,  eye,  deep 
red.’  The  general  characters  of  this  species  are  very  similar  to  those 
of  C.  gracilis ,  Lilljiborg,  and  C.  bicolor ,  G.  O.  Sars,  and  the 
natatory  feet  are  not  unlike  those  of  C.  pachycomus,  one  of  the  many 
spedes  described  by  the  latter  author  from  Lake  T  anganyika. 

Dr.  Dalziel’s  specimens  are  from  several  difterent  sources.  The 
species  would  seem  to  be  generally  distributed  in  the  region  investi¬ 
gated  by  him.  Sources  A.  B.  C.  D.  E. 

Cyclops  virescens,  G.  S.  Brady.  Plate  XVIII,  figs.  8-16. 

Female,  length  0^65  mm.  Body  slender,  the  anterior  segment 
ovoid  in  form,  and  scarcely  at  all  produced  in  front  (fig.  8),  thu 
other  thoracic  segments  not  expanded  laterally,  last  segment  short 
(fig.  10);  urosome  slender,  genital  segment  equal  in  length  to  the 
two  following  segments,  scarcely  at  all  dilated  (fig.  10),  caudal 
rami  short,  about  equal  in  length  to  the  last  tail  segment,  not  at  all 
divergent.  Anterior  antennae  (fig.  9)>  eleven-jointed,  reaching  when 
reflexed  to  the  posterior  border  of  the  third  body  segment,  slender 
and  sparingly  setiferous;  natatory  feet  (figs,  u,  15.  l6)>  Wlth  both 
branches  three-jointed;  fifth  pair  of  feet  uni-articulate  and  bearing 
two  apical  setae  (fig.  14).  First  segment  of  the  urosome  m  the 
male  produced  ventrally  into  a  slender  spine  (fig-  1 3)- 

This,  like  the  preceding  species,  occurred  in  various  gatherings, 
and  Dr.  Dalziel’s  notes  assign  to  it  a  wide  range  of  colour,  from  yellow 
to  green  and  brown.  Sources  A.  B.  C.  D.  E. 

There  can,  I  think,  be  little  doubt  as  to  identifying  Dr.  Dalziel’s 
specimens  with  those  already  imperfectly  described  by  me  from  Di. 
Graham’s  collection  under  the  specific  name  of  virescens.  Dr. 
Graham’s  notes,  made  from  an  examination  of  freshly  gathered  speci¬ 
mens,  assign  ten  joints  to  the  anterior  antennae,  whereas  the  numbei 
of  joints  in  Dr.  Dalziel's  specimens  is,  so  far  as  I  can  make  out,  eleven. 
But  the  jointing,  as  seen  in  spirit-specimens,  is  very  indistinct,  and  m 
any  case  the  slight  difference  might  possibly  depend  upon  the  age  o 
the  animals.  In  all  other  respects  the  two  forms  agree  with  each  other. 

I  am  indebted  to  Dr.  Caiman,  of  the  British  Museum,  for  the  oppor- 


tunity  of  examining  the  type  specimens  of  C.  virescens ,  and  it  is  on 
this  that  the  foregoing  remarks  are  based. 

Cyclops  longistylis  ?,  G.  S.  Brady.  Plate  XIX,  figs.  17-23. 

Cyclops  longistylis ,  Brady.  Notes  on  Dr.  Graham’s  collection  of 
Cyclopidae.  (Annals  of  Tropical  Medicine  and  Parasitology,  Vol.  1, 
No.  3,  1907.) 

Female,  length  077  mm.  Body  slender,  tapering  gradually  from 
before  backwards  (fig.  17),  first  segment  longer  than  broad, 
sub-ovoid,  the  three  following  segments  scarcely  at  all  produced 
laterally,  last  thoracic  segment  very  small;  urosome  slender,  genital 
segment  not  at  all  tumid,  caudal  rami  very  slender,  about  six  times 
as  long  as  broad,  scarcely  divergent;  anterior  antennae  ten-jointed, 
when  reflexed  somewhat  shorter  than  the  first  body  segment 
(fig.  22).  All  the  natatory  feet  have  both  branches  three- jointed, 
feet  of  the  fifth  pair  very  minute,  almost  obsolete,  bi-articulate 
(fig-  23)>  the  first  joint  bearing  two  setae,  the  distal  joint  one  seta; 
attached  to  this  pedigerous  segment  just  in  front  of  the  foot  are 
three  rather  strong  setae — longer  than  the  foot  itself.  The  spines 
of  the  second  and  third  pairs  of  feet  are  in  the  male  unusually 
strong  (fig.  19),  those  of  the  fourth  pair  not  quite  so  strong,  and 
those  of  the  first  pair  almost  normal  (fig.  20). 

The  specimens  here  described  were  found  in  Dr.  Dalziels 
gatherings  from  the  Benue  River  (Source  E),  ‘  colour  dark  green  or 
greenish -yellow,  the  egg  masses  brown,  carried  close  to  the  body. 

The  reference  of  these  to  C.  longistylis  is  somewhat  doubtful,  and 
the  type-specimens  being  now  in  the  British  Museum — very  few  in 
number,  and  in  an  imperfect  condition — I  am  unable  to  verify  the 
reference.  1  he  principal  doubt  arises  from  a  discrepancy  in  the 
recognisable  number  of  joints  in  the  anterior  antennae,  Dr.  Grahams 
1  ecord  of  twelve  joints  disagreeing  with  my  own  observation  of  ten 
joints  only  in  Dr.  Dalziels  specimens.  But  these  details  are  not  easily 
observed  in  spirit-specimens,  and  need  not  be  absolutely  insisted  on 
Cyclops  leuckarti,  Claus.  Sources  A.  B.  C.  D.  E. 

Cyclops  bicolor,  G.  O.  Sars.  Sources  A.  C. 

Cyclops  brevipes,  n.  sp.  Plate  XX,  figs.  31-34. 

Female,  length  075  mm.  Body  slender  (fig.  31).  the  first  seg¬ 
ment  occupying  not  much  less  than  half  of  its  entire  length,  rounded 
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and  somewhat  narrowed  in  front,  the  hinder  segments  not  expanded 
laterally;  urosome  slender  (fig.  33),  the  genital  segment  not  dilated 
and  scarcely  longer  than  the  next  following  segment,  the  first  two 
segments  armed  with  spine-like  setae  on  their  distal  outer  angles, 
last  segment  having  its  distal  margin  finely  aculeate  ;  caudal  rami  rather 
longer  than  the  last  abdominal  segment ;  setae  of  the  outer  margin 
attached  near  the  middle;  apical  setae  of  moderate  length.  Anterior 
antennae  (fig.  34)  eight-jointed,  barely  half  as  long  as  the  first 
segment  of  the  body,  sparingly  beset  with  short  setae.  Natatory 
feet  short,  having  both  rami  two-jointed  (fig.  34);  the  place  of  the 
fifth  pair  occupied  by  two  short  setae. 

This  species  occurred  in  the  same  localities  as  those  recorded  for 
C.  nigeriae.  It  is  the  smallest  which  has  ever  come  under  my  notice. 
The  characters  of  the  urosome  and  anterior  antennae  sufficiently 
distinguish  it  from  any  other  form. 

Diaptomus  nigerianus,  n.  sp.  Plate  XIX,  figs.  24-30. 

Female,  length  i'i  mm.  Anterior  division  of  the  body  rather 
slender,  of  nearly  equal  width  throughout,  the  posterior  segment  some¬ 
what  produced  laterally  and  sharply  angulated  (fig.  28);  urosome 
(fig.  25)  slender,  the  genital  segment  not  at  all  protuberant  in  front, 
the  last  two  segments  together  scarcely  half  as  long  as  the  genital 
segment,  and  very  imperfectly  separated  from  each  other ;  caudal 
rami  dilated  distal ly,  scarcely  as  long  as  the  two  anterior  coalescent 
segments,  terminal  setae  broad,  sub-spathulate  and  rather  densely 
plumose,  about  twice  as  long  as  the  rami  themselves  (fig.  25). 
Anterior  antennae  slender,  scarcely  exceeding  the  entire  length  of 
the  body;  posterior  maxillipeds  of  the  usual  form,  the  distal  joint 
exceedingly  small  (fig.  26);  inner  ramus  of  the  last  pair  of  legs 
fig-  27)  simple,  much  shorter  than  the  first  joint  of  the  outer  ramus; 
claw  of  the  outer  ramus  stout,  non-ci Hated,  terminal  joint  indistinct. 

Male,  last  segment  of  the  cephalothorax  rounded  off  posteriorly ; 
abdomen  narrow,  five- jointed  ;  penultimate  joint  of  the  right  anterior 
antenna  bearing  an  apical  spine,  which  is  shorter  than  the  next 
following  joint  (fig.  24);  outer  branch  of  the  last  pair  of  legs 
fig-  3°)  of  the  right  side  simple,  the  last  joint  bearing  an  apical 
sirnply_curved  claw,  and  on  the  outer  margin  a  small  papilla  and 
a  slender  curved  spine;  the  basal  joint  of  the  foot  of  the  left  side  is 


produced  internally  into  a  short  digitiform  process  or  rudimentary 
inner  branch;  the  outer  ramus  short,  bi-articulate,  the  last  joint 
bearing  a  small  setiferous  papilla.  The  protopodite  bears  on  its 
distal  margin  a  couple  of  papilliform  processes  which  overlap 
slightly  the  basal  joint  of  the  limb.  The  tail  setae  of  the  male  are 
much  more  slender  than  those  of  the  opposite  sex,  and  are 
non-plumose. 

This  species  seems  to  be  more  nearly  allied  to  D.  galcboides,  G.  0. 
Sars,  than  to  any  other  described  species,  though  whether  that  form 
be  really  specifically  distinct  from  D.  galebi  of  Mrazek  may  perhaps 
be  doubted.  The  types  of  D.  galebi  were  taken  in  Egypt,  those  oi 
D.  galeboides  in  Lake  Tanganyika. 

Dr.  Dalziel’s  specimens,  here  described,  are  from  ‘  a  rocky  pool 
of  a  hill-stream,  7.  II.  09/ 


OSTRACODA 

Cypris  subovata ,  n.  sp.  Plate  XX,  figs.  35-39- 
Shell  subovate,  tumid;  seen  from  the  side  subreniform,  highest 
in  the  middle,  height  more  than  equal  to  half  the  length,  extremities 
well  rounded,  the  anterior  being  the  narrower  of  the  two,  dorsal  margin 
gently  arched,  ventral  slightly  sinuated  in  the  middle  (fig.  35) i seen 
dorsally  the  outline  is  ovate,  tumid,  greatest  width  behind  the  middle 
and  equal  to  considerably  more  than  half  the  length  (fig-  3^)> 
extremities  obtusely  pointed,  the  left  valve  larger  than  the  right 
and  distinctly  overlapping  in  front;  shell  surface  smooth,  clothed 
at  the  extremities  with  fine  hairs.  Length  077  mm.  Setae  of  the 
posterior  antennae  reaching  beyond  the  apices  of  the  terminal  claws. 
Caudal  rami  slender  (fig.  3 7),  their  terminal  claws  simple,  only 
slightly  curved,  the  marginal  seta  short,  attached  near  the  distal 
end  of  the  limb  about  one-fourth  of  its  length  from  the  apex. 
Sources  A.  D. 

Cypridopsis  circinata ,  n.  sp.  Plate  XX,  figs.  40,  41. 

Shell  very  tumid,  sub-spherical ;  seen  from  the  side  sub-ovate, 
gibbous,  greatest  height  situated  in  the  middle,  and  equal  to  about 
three-fourths  of  the  length,  extremities  very  broadly  rounded,  dorsal 
margin  boldly  arched,  gibbous  in  the  middle,  ventral  slightly  convex 
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(fig.  41);  seen  from  above  broadly  elliptical,  widest  in  the  middle, 
width  equal  to  two-thirds  of  the  length,  extremities  evenly  rounded 
off,  lateral  margins  boldly  and  evenly  arched,  right  valve  slightly 
larger  than  the  left  (fig.  40).  Caudal  rami  very  small;  only 
imperfectly  seen.  Shell-surface  smooth,  without  sculpture  of  any 
kind,  but  densely  clothed  with  short  hairs.  Length  o'65  mm.  Dr. 
Dalziel’s  collection  contained  only  one  example  of  this  species, 
taken  in  one  of  the  two  localities  given  for  Cypris  subovala. 


CLADOCERA 

Smocephalus,  sp. 

Diafhanosoma  leuchtenber gianum ?  S.  Fischer.  Both  of  these 
from  Sources  A.  B.  C.  D. 
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Fig.  1 
Fig.  2. 
Fig-  3 
Fig.  4 
Fig.  5 

Fig.  6 
Fig.  ; 


Fig.  8. 
Fig.  9. 
Fig.  10. 
Fig.  11. 
Fig.  i2, 
Fig.  14. 
Fig.  13. 


EXPLANATION  OF  PLATES 
Plate  XVIII 


Cyclops  nigeriae  9 

Female  seen  dorsally.  x  84. 

Foot  of  fifth  pair,  x  440. 

Urosome.  x  160. 

Anterior  antenna,  x  160. 

Posterior  footjaw.  x  240. 

One  of  the  swimming  feet,  x  180. 
Outer  branch  of  third  pair  (  ?).  x  180. 


Cyclops  vires  cen s  9 

bemale  seen  ventral ly.  x  120. 

Anterior  antenna,  x  240. 

Urosome  and  last  thoracic  segment,  x  240. 

Foot  of  first  pair,  x  320. 

5>  t6.  Foot  of  second,  third  and  fourth  pairs,  x  240. 
Foot  of  fifth  pair,  x  440. 

Last  thoracic  segment  and  first  segment  of  urosome  of 
male,  x  240. 


PLATE  XVIII. 


Q 
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Fig.  17. 
Fig.  18. 
Fig.  19. 
Fig.  20. 
Fig.  21. 
Fig.  22. 
Fig.  23. 


Fig.  24. 
Fig.  25. 
Fig.  26. 
Fig.  27. 
Fig.  28. 
Fig.  29. 
Fig.  30. 


Plate  XIX 

Cyclops  Ion  gist  ylis  ? 

Female  seen  dorsally.  x  84. 

Urosome.  x  180. 

Foot  of  fourth  pair,  male,  x  240. 

Foot  of  first  pair,  x  240. 

Posterior  antenna.  x  240. 

Anterior  antenna.  x  240. 

Last  thoracic  segment  and  fifth  pair  of  feet. 


Diapt omits  nigerianus 

Part  of  anterior  antenna  of  male,  x  140. 
Urosome  of  female,  x  140. 

Posterior  maxilliped.  x  140. 

Foot  of  fifth  pair,  female,  x  18c. 

Last  thoracic  segment,  female,  x  140. 
Female  seen  laterally,  x  65. 

Fifth  pair  of  feet  of  male,  x  140. 


x  300. 


PLATE  XIX 


G‘  8  “RADY  del  04  ^ 


',A  X 

: 

■  '  '  '  '  ...  ■/” 
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Plate  XX 


Cyclops  brevipes  9 

Fig.  31.  Female  seen  dorsally.  x  100. 

Fig.  32.  Foot  of  first  pair.  ><350. 

Fig-  33-  Urosome.  x  300. 

Fig.  34.  Anterior  antenna.  x  350. 

Cypris  subovata 

Shell  seen  from  left  side,  x  65. 

Shell  seen  from  below,  x  65. 

Caudal  ramus.  x  150. 

Extremity  of  foot  of  last  pair,  x  150 
Posterior  maxilla,  x  240. 

Cypriclopsis  circinata 

Fig.  40.  Shell  seen  dorsally.  x  84. 

Fig.  41.  Shell  seen  from  right  side,  x  84. 


Fig-  35- 
Fig.  36. 
Fig-  37- 
Fig.  38. 
Fig-  39- 


PLATE  XX 


°‘  S-  BRaDY  del  Od  not. 


/ 
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A  NEW  ANOPHELINE  FROM  THE 
FEDERATED  MALAY  STATES 

BY 

MALCOLM  WATSON,  M.D.,  D.P.H., 

CHIEF  MEDICAL  OFFICER,  KLANG,  FEDERATED  MALAY  STATES. 

{Received  for  -publication  21  June,  1910) 

MYZOMYIA  AURIROSTRIS,  n.  sp. 

A  small  brown  anopheline,  with  white  apex  to  palpi — two  broad 
white  bands  separated  by  slightly  smaller  black  bands,  and  narrow 
white  band  near  the  base — legs  unhanded.  Proboscis  banded. 
Wings  with  live  costal  spots  and  numerous  other  spots  on  the  wing 
field. 

Head  $ .  Dark  brown.  Scales.  Passing  forward  between  the 
eyes  there  is  a  tuft  of  long  white  hairs  (among  which  are  to  be  seen 
narrow  curved  scales  much  as  on  the  wings),  and  also  about  half  a 
dozen  long  dark  or  brown  hairs.  Among  the  roots  of  these  hairs, 
some  white  long  narrow  curved  scales  are  seen.  lhey  do  not 
extend  either  backwards  or  far  from  the  middle  line.  Behind  these 
are  white  upright  shallow  fork  scales,  and  behind  these  again  black 
fork  scales.  Four  dark  brown  hairs  project  over  the  lateral  region 
of  the  eyes. 

Thorax.  Brown.  Dorsum  brown,  with  long  brown  hairs ; 
projecting  over  nape  some  narrow  white  curved  scales.  Elsewhere 
hairy. 

Prothoracic  lobes  brown.  Tuft  of  white  narrow-curved  and  a 
few  blunt  scales  projecting  from  anterior  part.  Elsewhere  covered 
with  hairs. 

Abdomen.  Brown,  covered  by  numerous  long  brown  hairs. 
Halteres  golden  scaled. 

All  brown  scaled  throughout;  ungues,  small,  equal. 

simple. 
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Proboscis.  Basal  half  black  scaled.  Apical  half  golden  scald, 
except  for  a  small  but  quite  definite  ring  of  black  scales  a  short 
distance  from  the  apex.  The  apex  is  golden.* 

Palpi.  Black,  with  four  white  bands.  The  first  band  consist  of 
a  small  but  definite  band  of  scales  at  the  apex  of  the  first  joint.  The 
apex  of  the  last  joint  is  white  scaled,  with  a  few  white  hairs 
projecting  beyond  the  end.  I  hen  follow  alternately  a  narrow  black 
band,  a  broad  white  band,  a  slightly  smaller  black  band,  a  broad 
white  band,  and  the  remainder  of  the  palpi  to  the  first  joint  black. 

Antennae.  Brown. 

Scutellum.  Brown,  with  a  single  row  of  long  dark  hairs; 
metanotum  brown,  nude. 


Wing  of  Myzomyia  auriroslris,  n.  sp. 

II  ings.  Costa,  black,  broken  by  five  gold  spots — twointhebasa 
half  of  the  wing,  of  which  only  the  outer  involves  the  subcosta  anc 
lii  st  vein.  In  the  outer  half  the  spot  at  the  junction  of  the  costa  and 
subcosta  involves  the  first  vein— the  spot  of  which,  however,  begin; 
almost  where  the  costal  spot  ends,  and  extends  towards  the  apex.  It 
is  equal  in  length  to  the  costal  spot.  Equidistant  between  this  and 
t  ie  apex  is  a  spot  involving  the  first  vein,  and  at  the  junction  of  the 
rst  \  ein  and  costa  there  is  also  a  golden  spot  involving  the  fringe  and 
a  small  portion  of  the  first  vein  and  upper  branch  of  second.  The  first 
vein  in  addition  to  the  above  spots,  has  one  just  beyond  the  second 
spot.  In  one  specimen  a  few  golden  scales  are  seen  on  the 
costa,  not  sufficient  in  numbers  to  constitute  a  definite  spot,  and  only 
\  ing  one  side  of  the  vein.  On  second  long  vein  there  area 
cw  golden  scales  at  the  origin,  a  few  at  the  fork,  and  a  few  half-way 
\een  these  two.  1  fie  third  vein  begins  in  a  yellow  spot,  and  the 

n<  j  .  VT  C°nsists  of  four  b^k  and  three  yellow  spots  alter- 
a  e  y  the  black  spot  touching  the  fringe  being  longest  of  all.  The 
ju  i  vein  is  black  scaled  to  its  fork,  except  for  a  few  yellow  scales 

blackish  in  colour,  and^e  . the  author  the  integument  at  the  tip*5 

’  “e  feT  scal«  wh.ch  remain  are  pale  yellowish.-Ed. 
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opposite  the  origin  of  the  third  vein.  At  the  fork  there  is  a  pronounced 
yellow  spot,  which  extends  down  each  branch,  on  each  of  which  there 
is  another  small  yellow  spot.  At  the  junction  of  the  branches 
of  the  fourth  and  fifth  veins,  a  few  golden  scales  are  seen. 
The  fringe  is  black  even  at  these  points.  The  fifth  vein  throughout  is 
alternately  yellow  and  black.  Between  the  origin  and  the  fork  there 
are  three  yellow  spots ;  one  yellow  spot  involves  both  branches,  but 
mainly  the  upper;  in  addition,  there  are  three  yellow  spots  on  each 
branch  in  addition  to  the  yellow  scales  at  the  junction  with  the  fringe. 
On  first  two-thirds  of  the  sixth  vein  there  are  three  yellow  spots.  The 
remainder  of  the  vein  is  black  scaled,  with  a  few  scattered  golden 
scales  about  the  middle.  Except  at  the  junction  of  the  first  vein,  the 
fringe  is  black  throughout.  Wing  scales  long,  narrow,  lanceolate. 

Observations.  Bred  from  two  larvae,  taken  from  a  hole  in  the 
ground  i^ft.  wide  and  2ft.  deep  in  the  jungle  next  to  Merton 
Estate,  Klang,  December,  1909. 


Tabic  Showing  the  Chief  Differences  between  Myzomyia  albirosiris,  M.  tborntonii,  and 

M.  aurirostris 


M.  albirosiris 

M.  tborntonii 

M.  aurirostris 

Palpi  . 

Two  broad  apical 
bands  and  one 
narrow  basal  one 

Three  broad  apical 
bands  and  a 
narrow  basal  band 

As  in  M.  tborntonii 

Proboscis  . 

Apical  half  pale 
scaled 

Apical  half  light 
scaled  with  a 
narrow  brown  band 
near  the  apex 

As  in  M.  thorntonii 

Wing  Fringe  . 

Pale  spots  at  each 
vein  junction 

Mottled— the  light 
spots  occurring  for 
the  most  part  at 
the  apices  of  the 
veins,  long  and 
short  scales  to  the 
5th  and  6th 
distinctly  yellow 

Black 

Legs  . 

Unspotted,  brown 

Spotted  and  banded 

Unspotted,  brown 

Pnthoracic  lobes 

Brown  flat  scales 

Tuft  of  white  narrow 
curved  scales  from 
anterior  part — 
elsewhere  hairs 
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ON  THE  OCCURRENCE  OF  SCHIZOGONY 
IN  AN  AVIAN  LEUCOCYTOZOON, 
L.  LOVATI,  PARASITIC  IN  THE  RED 
GROUSE,  LAG  OPUS  SC  OTIC  US 

BY 

H.  B.  FANTHAM,  D.Sc.  (Lond.),  B.A.  (Cantab.),  A.R.C.S., 

CHRIST’S  COLLEGE,  CAMBRIDGE,  AND  LIVERPOOL  SCHOOL  Oh 
TROPICAL  MEDICINE 

( Received  for  publication  22nd  June,  1910) 

Plate  XXI 

Although  the  Parasitic  Protoza  are  much  studied  at  present,  there 
is  no  doubt  that  more  facts  are  required  about  the  life-cycle  of  many 
parasites  of  whose  history  certain  stages  are  well  known.  Among 
such  parasites  are  the  avian  Leucocytozoa. 

During  the  past  two  years  I  have  spent  some  of  my  time  as 
Protozoologist  to  the  Grouse  Disease  Inquiry,  in  the  investigation  of 
the  Protozoa  parasitic  in  the  grouse.  One,  at  least,  of  the  protozoal 
parasites  of  the  grouse,  Eitneria  (Coccidium)  avium ,  is  the  cause  of  a 
rapid  and  fatal  disease  among  grouse  chicks.  Among  the  parasites 
present  in  some  apparently  healthy  grouse  was  a  Leucocytozoon,  -• 
lovati,  first  recorded  by  Seligmann  and  Sambon  in  a  short  note  in 
1907.  My  investigation  of  L.  lovati  led  to  the  elucidation  of  another 
phase  (schizogony)  in  its  life  history. 

The  host  cells  of  the  avian  Leucocytozoa  may  be  either  mononu¬ 
clear  leucocytes  or  erythroblasts,  or  both.  The  exact  nature  of  the 
host  cell  of  Leucocytozoa ,  which  is  somewhat  controversial,  will  not 
be  discussed  in  this  paper.  Concerning  the  Leucocytozoa  themselves, 
gametocytes,  both  male  and  female,  have  been  described  from  the 
blood  of  the  host.  The  male  gametocyte  of  L.  lovati  (PI.  X>  , 
%•  0  possesses  hyaline,  pale-staining  cytoplasm,  and  a  rat  ici 
large  nucleus  containing  a  number  of  chromatin  granu  es. 
female  gametocyte  (fig.  2)  has  a  deeply  staining  gianulai 
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somewhat  alveolar  cytoplasm,  with  a  central  nucleus  containing  i 
karyosome.  The  exact  delimitation  of  the  nucleus  of  a 
Leucocytozodn  within  its  host  cell  is  often  difficult. 

In  the  specimens  of  L.  lovati  that  I  examined,  the  micro- 
gametocytes  were  found  to  measure  from  13//  to  17  n  by  6/i  to  1 2/1 
while  the  macrogametocytes  were  14/1  to  20 n  by  10/1  to  16/1. 

Till  recently,  the  gametocytes  and  gametes  only  of  avian  Lata- 
cylozoa  were  known.  However,  parasites  somewhat  intermediate  in 


type  between  the  male  and  female  gametocytes  occur,  though  such 
intermediate  forms  are  not  at  all  common  in  the  peripheral  blood  of 
the  host.  The  intermediate  forms  in  the  case  of  L.  lovati  may  be 
seen  in  the  blood  of  the  spleen  of  the  grouse,  though  they  maybe 
easily  overlooked. 

In  the  summer  of  1909,  I  examined  two  fresh  grouse  in  whose 
peripheral  and  heart  blood  living  Leucocytozoa  were  seen.  The 
internal  organs  were  immediately  examined  after  the  death  of  the 
birds.  In  stained  preparations  of  the  spleens  of  the  two  birds,  small 
vermicular  forms  were  encountered,  both  free  and  just  entered  into 
theii  host  cells.  Careful  search  showed  that  in  the  spleen  were  many 
ull-grown  Leucocytozoa,  some  of  which  exhibited  no  very  definite 
sexual  differentiation.  While  the  gametocytes  encountered  in  the 
ood  often  produced  marked  elongation  of  the  host  cells,  the  deforma- 
on  in  the  case  of  the  special  splenic  forms  was  slight  (fig.  3),  and 
e  lost  cells  seemed  almost  entirely  absorbed  (fig.  4).  These  para- 
es  are  the  schizonts,  which  are  slightly  smaller  than  the  gametocytes, 
and  measure  ir*  to  i4„  by  8,  to  n„.  The  cytoplasm  of  the  oval 
ecomes  somewhat  concentrated  while  they  are  uninucleate 
*  ^ '  .  10  C^aracter  of  t^ie  nucleus  of  the  schizont  approaches  that 
o  the  microgametocyte,  while  the  general  cytoplasm  resembles  that 

he  macrogametocyte,  but  differs  from  it  in  being  less  alveolar  and 
possessing  smaller  granules. 

bin^t-  muItjpllCation  occurs*  apparently,  by  a  series  of  rapid 
united  J?S1°n®’  an<*  t,ie  daughter  nuclei,  some  of  which  may  remain 
pherv  c*,  °r  a  S^lort  tame,  ultimately  migrate  towards  the  pen- 
(fis-  61  a  §™entati°n  of  the  cytoplasm  around  the  small  nuclei  occurs 

«e  Produced  eT^  “  S°me  tWeK'e  to 

organism  1 .1  C  merozoite  is  a  small,  vermicular,  somewhat  curved 
ganism,  capable  of  active  movement.  The  meroiortes  measure  » 


to  8/u  by  i/i  to  i '5// .  Some  residual  protoplasm  is  found  in  the 
remains  of  the  schizont  after  the  merozoite  formation  is  completed. 
The  merozoites  escape  (fig.  8)  from  the  tenuous  envelope  of  the 
schizont  and  become  free-living  forms  (fig.  9)  in  the  blood  of  the 
spleen.  But  their  free  stage  of  existence  is  of  short  duration.  Leuco¬ 
cytes  or  immature  erythrocytes  are  encountered,  and  the  young 
merozoites  penetrate  the  host  cells  and  enter  upon  the  trophic  phase 
of  their  existence,  ultimately  differentiating  either  as  sexual  individuals 
or  as  schizonts. 

The  occurrence  of  schizogony  in  L.  lovali  is  very  difficult  to 
demonstrate.  Though  many  infected  birds  may  be  examined, 
schizogony  may  not  be  detected,  for  the  period  of  schizogony  may  not 
be  attained,  and  also  this  form  of  multiplication  is  passed  through  with 
remarkable  rapidity,  so  that  merozoites  may  be  formed  and  dispersed 
before  the  investigator  has  had  time  to  examine  the  material  available. 
Rapidity  of  schizogony  is  also  found  in  such  parasites  as  Coccidia , 
where  often  it  is  not  easy  to  obtain  preparations  exhibiting  schizo¬ 
gony,  while  some  gametocytes  can  usually  be  obtained  in  any 
preparation  from  an  infected  host.  In  connection  with  schizogony  of 
Leucocytozoa ,  great  interest  attaches  to  the  discovery  of  Mathis  and 
Leger  of  periodic  increases  in  the  number  of  the  gametocytes  of  L. 
caulleryi  in  the  peripheral  blood  of  its  host,  the  domestic  fowl  of 
Tonkin,  for  which  increase  no  explanation  has  hitherto  been  afforded. 
It  seems  to  me  that  during  the  intervals  between  successive  crops  of 
parasites,  asexual  multiplication  probably  occurs.  As  in  L.  lovali 
schizogony  occurs  in  an  internal  organ,  namely,  the  spleen,  it  is  sug¬ 
gestive  that  a  similar  condition  prevails  in  L.  caulleryi  \  and  as  in 
other  Protoza,  the  schizogony  culminates  in  sexual  differentiation,  so 
in  L.  caulleryi  it  seems  likely  that  a  similar  sequence  may  occur. 

It  may  be  added  that  preparations  of  bone  marrow  of  the  infected 
birds  did  not  furnish  schizonts,  though  it  is  possible  that  schizogony 
might  be  found  to  occur  therein,  if  abundance  of  material  were  avail¬ 
able  for  research.  L.  lovali  did  not  appear  to  be  very  harmful  to  the 
grouse  investigated,  and  in  the  two  cases  in  which  schizogony  occurred, 
no  other  protozoan  parasite  was  present  in  the  blood  of  the  grouse,  all 
°f  whose  organs  were  minutely  examined. 

I-  lova/i  may  be  transmitted  from  grouse  to  grouse  by  the  agency 
°f  the  grouse-fly,  Ornithomyia  lagopodis,  for  vermicules  devoid  of 
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melanin  pigment  have  been  found  in  the  gut  of  the  fly.  But,  as  with 
most  blood  parasites,  further  work  is  necessary  with  regard  to  the 
exact  mode  of  transmission  of  protozoal  parasites  from  host  to  host. 

The  avian  Leucocytozoa,  as  exemplified  by  L.  lovati,  in  which 
schizogony  is  now  shown  to  occur,  are,  then,  typical  members  of  the 
Haeinos poridia ,  allied  to  the  malarial  parasites. 

Tn  conclusion,  while  the  method  of  schizogony  in  L.  lovati  is  as 
indicated  in  this  paper,  it  does  not  follow  that  the  multiplicative  pro¬ 
cesses  of  all  avian  Leucocytozoa  are  on  the  same  lines,  though  I  think 
that  it  is  probable  that  in  all  these  avian  blood  parasites,  the  period 
of  schizogony  is  a  short  one,  and  that  much  patient  investigation  under 
the  most  varied  conditions  will  be  necessary  to  establish  schizogony  in 
most  members  of  the  avian  Leucocytozoa. 
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EXPLANATION  OF  PLATE  XXI 

The  figures  are  slightly  diagrammatic.  Magnification  of  figs, 
i  and  2  about  1,800  diameters;  of  figs.  3  to  9  about  2,000  diameters. 

Figs.  1  and  2.  Diagrams  of  male  and  female  gametocytes  of  Leuco- 
cytozoon  lovati.  The  male  gametocyte  (fig.  1)  is  usually 
slightly  smaller  than  the  female  (fig.  2),  and  its  cytoplasm 
is  hyaline.  Chromatoid  granules  often  occur  at  the  ends  of 
the  oval  or  round  parasites.  The  host  cell  has  become 
spindle-shaped  in  each  case,  with  its  nucleus  pushed  to  one 
side  by  the  parasite. 

F  ,§fs-  3  t°  9-  Diagrams  of  schizogony  of  Leucocytozoon  lovati ,  as 
seen  in  smears  of  the  spleen  of  the  avian  host. 

Fig-  3-  Schizont,  with  remains  of  the  host  cell  at  either  pole 
and  host-cell  nucleus  to  one  side. 

Fig.  4.  Uninucleate  schizont,  with  host  cell  almost  entirely- 
absorbed  except  for  slight  remains  of  the  host-cell  nucleus 
to  one  side. 

Fig-  5-  Schizont,  showing  nuclear  multiplication.  Very 
slight  remains  of  host-cell  nucleus  on  the  right  side. 

Fig.  6.  Schizont  in  process  of  formation  of  merozoites. 

Fig-  /-  Schizont  showing  merozoites  differentiated  within. 

Fig.  8.  Merozoites  beginning  to  escape  from  schizont. 

Fig-  9-  Group  of  free  merozoites. 
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( Received  for  publication  5  July ,  I910^ 

Prefatory  Note  by  R.  ROSS 

For  a  long  time  it  has  appeared  to  me  that  much  light  might 
be  thrown  on  infectious  diseases,  immunity,  and  treatment,  by  more 
exact  enumeration  of  the  infecting  organisms,  and  that  we  might 
even  be  able  ultimately  to  apply  mathematical  reasoning  to  the 
study  of  these  subjects.  In  1903*  I  elaborated  a  method  of  blood 
examination,  called  the  thick-film  process,  which  enables  us  to 
detect  small  organisms  in  the  blood  about  twenty  times  moie  easi  y 
than  in  ordinary  preparations;  but  for  the  lack  of  the  necessary 
assistance  I  was  long  unable  to  apply  the  method  to  the  laborious 
enumeration  of  such  organisms.  Recently,  however,  the  Advisory 
Committee  for  the  Tropical  Diseases  Research  Fund  has  place 
considerable  funds  at  the  disposal  of  the  Liverpool  Schoo  o 
Tropical  Medicine  for  the  study  of  cases  in  the  tropical  ward  at 
the  Royal  Southern  Hospital,  Liverpool,  with  the  result  that  the 
investigations  referred  to  were  commenced  by  Dr.  David  Thomson 
and  myself  from  the  beginning  of  this  year.  As  I  expecte 
methodical  counting  of  the  parasites  has  at  once  veri  e  or 
disclosed  several  facts  of  importance  in  connection  with  ma  arr 
and  trypanosomiasis.  We  now  limit  ourselves  to  a 
description  of  the  remarkable  periodical  increase  of  Trypanosoni 

Yates  Reports,  Vol.  V,  part  I,  1903. 


*  Lancet,  10th  Jan.,  1903,  and  Thompson- 
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gambiense  revealed  by  careful  daily  counting  in  a  case  in  my  * 
elsewhere)  “  Stl1’  U"der  treatment’  wil1  **  fully  reports 

M  Z'  u",  mfe‘  3ged  26'  3  Stron?  y°unS  man,  torn  i 

*  orthumberland,  was  infected  in  North-East  Rhodesia  i 
ep  ember,  1909,  the  trypanosomes  being  found  in  his  blood  i: 
Africa  on  November  r7.  On  coming  to  Liverpool  for  treatment 
was  admitted  into  the  Southern  Hospital  on  December  4.  Fm 
then  until  February  ,6  (seventy-three  days)  the  number  of 
trypanosomes  in  his  blood  was  estimated  only  by  the  « 
o  s  in  common  use  that  is,  by  the  proportion  of  trypano¬ 
somes  to  red  cells,  or  leucocytes,  or  to  ‘fields’  of  the  microscope 
xamined.  These  methods  are  obviously  open  to  such  great  error 
1  ,.~Can  scaice,y  be  depended  upon  to  indicate  any  but  very 
1 ,  GrenCjS  111  dlc  numbers  of  objects  counted.  During  the 
'  ny-  iree  days  forty-six  counts  were  made,  but  on  several 
ons  none  was  attempted  for  three  or  four  days  in  succession; 

arrnrn/  CVCn  1  tke  methods  of  counting  employed  had  been  more 
tt  G’  SU  Cen  fluctuations  might  easily  have  been  missed, 
irrpo-  /  '  UaS  ke  exPected,  the  graph  during  tin’s  period  is  very 
DatiV>  f  a  m°S^  worthless.  On  admission  on  December  4  the 

minimi  aS  fCp°rtccl  to  contain  about  6,000  trypanosomes  per  cubic 
per  cuh  Fe  °  ,  °dl  and  Iu**  numbers.  —ting  to  about  3,® 

ZZy  :7  7IT:refouad  °n  December  '• and 2S' 

treatment  with  ataxy]" W3S  ^ 
doses  of  ->  to  '  nt  mercury’,  and  received  altogether  ten 

never  f#»li  k  i  ^  ° ^  tke  ^ormer-  Nevertheless,  the  parasites 

roughly  estimated  3  ^  2°°  ^  Cubic  mi,limetre  in  number-  35 

Patient’s  sight—  f°Unc1,  however,  that  atoxyl  was  injuring  the 
substituted  **  \t  tl  SOmetl™es  happens — and  other  treatment  was 
Method  of  count  6  tl*me  We  e*aborated  a  much  more  correct 

(4  to  1  c.mm  'i  nf1  uT**  . aI1  1,16  Parasi’tes  in  measured  quantities 
onward  the  patient^T  In  thlck  fi,m’  and  from  February  16 

method  bv  nnP  Opanosomes  were  estimated  daily  by  this 

remarkable  graph  obtained^  attached  chart  SiveS  ^ 

UP  to  the  present  (April  30). 
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The  numbers  of  trypanosomes  found  were  scrupulously 
recorded,  and  the  smoothness  and  regularity  of  the  graph  suggest 
that  there  was  no  very  great  error  of  observation.  The  blood  was 
taken  every  day  at  about  10  a.m.,  but  on  April  5  and  6  several 
counts  were  made  daily. 

It  will  be  seen  that  between  February  16  and  April  30  (seventy- 
three  days)  there  were  eleven  rises  in  the  number  of  the  parasites. 
Up  to  April  7  there  were  seven  rises,  at  intervals  of  seven  or  eight 
days.  During  this  period  the  patient  was  given  no  atoxyl,  but  was 
treated  with  large  doses  of  quinine  (30  to  40  gr.)  daily,  with 
frequent  doses  of  methylene  blue  and  with  trypan  red  on  March 
17,  18,  19,  and  20. 

On  April  5  it  was  decided  to  administer  atoxyl  again,  as  shown 
on  the  chart,  together  with  mercury  and  other  treatment. 

The  temperatures  were  taken  by  the  sister  of  the  ward,  and  it 
will  be  seen  that  there  has  always  been  a  tendency  to  a  slight  rise 
in  temperature  concurrent  with  the  rise  in  the  number  of  parasites 
—the  two  curves  thus  confirming  each  other.  Only  the  maximum 
and  minimum  temperatures  are  entered  in  the  accompanying  chart. 

The  great  regularity  of  the  rises  can  scarcely  be  compatible  with 
a  mere  chance  distribution.  It  will  also  be  observed  that  the  rises 
were  of  two  kinds— namely,  high  rises  and  low  rises— and  that  the 
two  kinds  alternated  with  regular  periodicity  until  April  18,  at 
which  point  the  cycle  appears  to  have  become  distorted— probably 
in  consequence  of  the  treatment.  The  regularity  of  alternation  of 
the  high  and  low  rises  is  so  well  marked  as  to  recall  the  picture  of 
a  double  tertian  malaria,  and  to  suggest  that  two  independent  sets 
of  parasites  may  exist  in  the  patient,  just  as  often  happens  in 
malaria. 

The  large  dose  of  atoxyl  given  on  April  5  seems  to  have  had  no 
effect  whatever  on  the  following  rise;  but  the  succeeding  rises  were 
apparently  modified  for  some  reason.  I  he  value  of  the 
enumerative  method  for  therapeutical  research  is  obvious. 

Of  course,  many  other  facts  in  connection  with  the  case  have 
been  recorded,  and  parallel  work  is  being  done  on  sub-inoculated 
animals  and  on  the  parasites.  It  is  therefore  inadvisable  to  attempt 
at  present  any  discussion  of  the  many  interesting  theoretical 
questions  which  arise. 


264 

We  are  much  indebted  to  the  Director  of  the  Sleeping  Sickness 
Bureau  (Dr.  Bagshawe)  for  having  given  us  references  to  the 
literature  on  the  subject  of  such  fluctuations.  In  the  original  case 
of  Dutton  and  Ford  it  was  noted  that  the  parasites  varied  in 
numbers,  and  that  a  parallel  rise  in  the  patient’s  temperature 
occurred.  Manson  and  Daniels*  chart  the  number  of  parasites 
compared  with  500  leucocytes ;  but  the  error  of  this  method  is  very 
large  and  their  graph  is  quite  irregular.  They  abandoned  counts 
m  measured  quantities  of  blood  as  ‘  unreliable.’  Thomas  and 
B remit  showed  that  in  three  cases  of  sleeping  sickness  the  numbers 
of  trypanosomes  found  in  ‘  fresh  cover-slip  preparations’  varied 
irregularly  from  time  to  time.  Koch,  Beck,  and  Kleine  (1909) 
remark  on  the  irregularity  of  the  appearance  of  T.  gambiense  in 
African  natives,  and  state  the  parasites  are  present  for  two  to  five 
days  and  absent  for  two  to  three  weeks.  Salvin-Moore  and  BreinlJ 
show  a  graph  with  two  undulations  and  a  final  premortal  rise  in 
two  heavily  infected  rats,  and  give  a  detailed  description  of 
corresponding  changes  in  the  parasites.  Apparently,  hitherto,  only 
iriegular  variations  in  the  numbers  of  the  parasites  seem  to  have 
oeen  recognised ;  probably  the  large  error  due  to  inadequate  methods 
°  counting  has  disguised  the  regular  periodicity  of  the  variation 

s  iown  by  more  exact  counts  in  the  eleven  successive  undulations 
observed  in  our  case. 

We  should  add  that  our  methods  enable  us  to  detect  parasites 
when  they  are  in  numbers  so  small  that  their  detection  by  the 
01  mary  methods  would  be  exceedingly  laborious.  Hence  if  our 
case  had  been  studied  by  the  ordinary  methods,  probably  only  the 
rests  o  the  11'ses  would  have  been  visible  in  the  chart,  and  it 
would  have  been  said  that  the  parasites  had  disappeared  in  the 
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SOME  ENUMERATIVE  STUDIES  ON 
MALARIAL  FEVER 


BY 

Major  RONALD  ROSS,  F.R.S., 

AND 

DAVID  THOMSON,  M.B.,  Ch.B.,  D.P.H. 

( Received  for  publication  15  November,  1910)* 

1.  Preliminary .  For  many  years  past  little  information  which 
is  both  new  and  exact  has  been  added  to  our  knowledge  of  the 
pathology  of  malaria.  This  has  probably  been  due  to  the 
exhaustion  of  the  older  methods  of  research  which,  being  purely 
qualitative,  have  failed  to  indicate  the  precise  correlations  between 
the  numbers  of  the  parasites  present  in  a  patient  and  the  various 
pathological  and  therapeutical  reactions.  For  example,  out  of 
fifty-one  and  thirty-eight  successful  inoculations  of  men  by  means 
of  infected  blood  and  infected  Anophelines  respectively,  in  not  a 
single  one  has  any  exact  estimate  been  given  of  the  number  of 
parasites  inoculated  or  recovered  after  the  lapse  of  the  incubation 
period;  and,  though  many  researches  on  quinine  have  been  made, 
we  know  of  none  in  which  its  direct  effect  upon  the  numbers  of  the 
parasites  in  the  patient  has  been  correctly  measured.  Moreover, 
the  older  methods  often  failed  to  reveal  the  parasites  at  all,  unless 
they  were  present  in  large  numbers.  Hence  our  first  care  was  to 
elaborate  more  exact  methods  both  for  detection  and  for  enumeration. 
This  was  done  early  in  the  year  (by  R.R.  and  D.T.),  though  we 
have  by  no  means  reached  finality  yet.  The  new  methods  were 
next  employed  for  all  the  cases  in  the  Tropical  Ward,  daily  counts 
of  the  parasites  and  often  of  the  leucocytes,  together  with  other 
estimations,  being  made  (by  D.T.).  At  the  same  time  parallel 
chemical  studies  were  carried  out  and  therapeutical  ones,  and  the 
measurements  were  carefully  charted  and  compared.  Even  at 
this  preliminary  stage  the  results  (which  are  given  at  the  end  of 
this  paper)  include  more  accurate  verifications  of  some  old 
conjectures,  and  demonstrations  of  some  new  theorems. 

V  1  1  v-vv  ^ ore  Royal  Society,  Dec.  8th,  and  reprinted  from  Proc.  Roy.  Soc.,  Series  B-, 

0  XXXIII,  p.  159,  with  Addenda.) 
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2.  The  detective  method  used.  In  the  ordinary  methods  the 
blood  is  spread  out  in  a  thin  film,  liquid  or  dry,  one  cubic  millimetre 
covering  say  four  square  centimetres  of  area.  If  the  field  of  the 
oil-immersion  lens  has  a  diameter  of  0165  mm.  and  can  be 
thoroughly  searched  by  the  eye  in  three  seconds,  about  twelve  hours' 
work  would  be  required  to  examine  the  whole  of  1  c.mm.  of  blood 
in  this  way ;  and  if  the  specimen  contains  only  one  parasite  it  may 
not,  by  bad  luck,  be  found  until  nearly  the  whole  of  the  area  has 
been  searched.  We  have  therefore  employed  the  ‘  thick  film  process' 
described  by  one  of  us  (R.R.)  in  1903.  In  this  1  c.mm.  of  blood  is 
spread  out  over  only  about  one-quarter  of  a  square  centimetre  or 
less,  and  dried  ;  the  haemoglobin  is  then  gently  washed  out  with 
water ;  and  the  residue,  consisting  of  parasites,  leucocytes,  platelets, 
and  the  stromata  of  the  red  corpuscles,  is  carefully  stained  by  any 
convenient  method,  with  or  without  fixation.  By  this  simple  means 
the  whole  of  a  cubic  millimetre  of  blood  can  be  searched  in  less  than 
an  hour  ;  but  the  identification  of  the  Plasmodia  requires  considerable 
practice. 

3-  7  he  enumerative  method  used.  The  younger  Plasmodia  are 

too  small  to  be  counted  by  the  use  of  an  ordinary  haemocytometer; 
hence  their  number  has  usually  been  estimated  by  comparison  with 
the  number  of  red  or  white  cells,  the  latter  figure  being  determined 
by  the  haemocytometer.  This  gives  a  large  compound  error;  for 
if  e  is  the  percentage  error  made  in  counting  the  red  or  white  cells 

in  one  specimen,  and  e1  is  the  percentage  error  made  in  computing  the 

proportion  of  parasites  to  each  corpuscle  in  that  specimen,  then,  by  a 
simple  calculation,  the  total  percentage  error  will  be  e  +  e1  +  ee1/ 100- 

(For  example,  if  e=  +5%  and  e'=  +  10%,  the  total  percentage  error 

will  be  +  15-5%.) 

Our  method  consists  simply  in  making  a  measured  quantity  of 
00  into  a  thick  film  preparation  and  then  counting  all  the 
parasites  in  it.  The  blood  is  measured  by  determining  the  diameter 
a  fine  capillary  tube  under  the  microscope,  and  then  calculating 
and  marking  off  the  length  of  the  tube  required  to  hold  a  given 
quantity  (as  suggested  by  Dr.  Wakelin  Barratt).  Thus  a  uniform 
ube  of  0180  mm.  diameter  and  4  cm.  length  will  contain 
c.mm.  a  convenient  size.  The  blood  is  sucked  into  the  tube 
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and  then  quickly  discharged  upon  the  glass-slide  in  one  or  several 
measured  droplets,  first  samples  being  rejected.  The  dehaemoglo- 
binized  thick  film  is  fixed  before  staining  in  order  to  avoid  loss, 
and  the  whole  area  is  scrupulously  searched  with  the  aid  of  a  sliding 
stage. 

Mr.  M.  Greenwood,  Junr.,  informs  me  that  if  n  is  the  number 
of  parasites  counted  in  the  unit  (say  1  c.mm.)  of  blood,  and  m  is 
the  number  of  such  units  in  the  patient’s  whole  body,  then  the  total 
number  of  parasites  in  him,  assuming  uniform  distribution,  will 
be  mi  ±  Q'6j449M^/n.  Thus  the  probable  percentage  error  is 
67'449/y/w,  the  factor  m  cancelling  out  from  the  ratio.  This  is 
important,  because  it  shows  that  the  error  depends,  not  on  the 
magnitude  of  the  measured  sample  taken,  but  upon  the  number  of 
parasites  actually  counted  in  it.  Hence,  in  order  to  obtain  results 
within  an  assigned  error,  we  take  a  large  sample  when  the  parasites 
are  scarce  and  a  small  one  when  they  are  numerous;  the  number  of 
parasites  which  we  must  find  and  count  being  given  by  the  formula 
n  =  4550/d2,  where  e  is  the  permissible  error. 

The  greatest  error  occurs  when  the  parasites  are  so  scarce  that 
it  is  difficult  to  find  enough  of  them  to  count  up  to  the  required 
standard;  or  when  they  are  so  numerous  that  it  is  difficult  to 
measure  a  volume  of  blood  small  enough  to  contain  an  easil> 
countable  number  of  them.  In  these  preliminary  researches  we  have 
seldom  examined  at  one  sitting  more  than  1  c.mm.  of  blood,  or  less 
than  £  c.mm. 

When  the  parasites  were  very  numerous  we  have  sometimes  fallen 
back  on  estimating  their  number  by  comparison  with  leucocytes,  but 
are  now  elaborating  improvements  and  special  instruments  for 
such,  and  other,  details.  The  method  is  also  accurate  and  rapid 
for  other  blood  parasites,  and  for  leucocytes.  Other  sources  of 
error  are  (1)  inaccurate  measurements  of  the  quantity  of  blood  used, 
and  (2)  difficulty  of  seeing  or  distinguishing  badly  stained  parasites. 

One  kilogram  of  blood  of  average  density  (1057  5)  contains 
945-626  cubic  millimetres,  and  the  blood  in  a  mans  bod>  is 
estimated  to  weigh  about  49  per  cent,  of  the  total  body  weight, 
from  which  data  it  is  easy  to  compute  the  total  number  of  parasites 
in  a  patient.  A  man  of  6474  kilograms,  or  about  ten  stone,  will 
contain  about  3,000,000  c.mm.  of  blood. 
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4.  The  cases  studied  by  us  numbered  thirty-three.  All  had 
been  infected  in  West  Africa  or  America,  so  that  none  was  of  less 
than  some  weeks’  duration  when  admitted  into  hospital  in  Liverpool. 
All  were  males  of  from  eighteen  to  sixty  years  of  age.  They  were 
mostly  shipmen  or  traders,  and  two  were  negroes.  The  parasites 
of  all  were  counted  almost  every  day,  and  sometimes  several  times 
a  day;  and  the  temperatures  were  taken  every  four  hours,  or  more 
often.  One  case  showed  Plasmodium  malariae,  together  with 
crescents  (sexual  forms  of  P.  falciparum).  Eight  showed  P.  vivax 
only,  and  twenty-four  P.  falciparum  only,  two  of  the  latter 
containing  only  sexual  forms.  Quinine  was  often  withheld  for 
some  days  while  other  methods  of  treatment  were  used.  The 
cases  were  studied  for  600  days  altogether.  There  were  no 
deaths. 

All  the  cases  are  tabulated  at  the  end  of  the  paper  for 
verification  of  details,  and  charts  of  cases  17  and  20  are  given.  At 
this  preliminary  stage  of  the  enquiry  we  have  undertaken  to  study 
only  the  gross  daily  correlations  between  the  numbers  of  parasites 
and  other  phenomena,  leaving  more  minute  hourly  and  four-hourly 
analysis  to  future  work.  Hence  if  a  number  of  counts  or  other 
observations  have  been  made  on  one  day  we  have  recorded  only  the 
averages  in  the  tables.  For  temperatures,  however,  it  has  been 
thought  best  to  record  maxima  instead  of  averages,  and,  as  the 
tables  should  be  as  economical  as  possible,  we  have  used  the 
laematothermic  scale  suggested  by  one  of  us  (R.R.),  in  which  the 
ten  degrees  between  950  and  io5°F.,  or  between  350  and  45°  C.,  are 
im  ed  into  100  parts.  Except  Case  6,  specially  studied  by  Dr. 
ant  ram,  we  ha\e  not  distinguished  in  the  tables  the  various  forms, 
sets  or  stages  of  P.  vivax ,  this  being  reserved  for  future  study. 

*  treatment>  leucocytes,  haemoglobin  and  urobilin  are 
1  ferentiated  too  minutely.  Case  25  was  counted  by  Dr.  Korke. 

5-  The  correlation  between  the  parasites  and  the  fever.  It  is 
now  n  that  fever  is  caused  only  by  the  asexual  forms  of  the 
,  aS.jteS  ’  kut  though  these  are  generally  thought  to  be  more 
un  ant  during  pyrexial  periods,  no  extensive  numerical 
t-hai-  S  >n  P°*nt  aPPear  to  have  been  made,  with  the  result 

elcLTT  SCGPtiCS  StiU  profess  doubts  on  the  subject.  Our  cases, 
except  four  without  fever  (Cases  r,  15,  r6,  27),  would  seem  to 
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indicate  a  very  strong,  almost  convincing,  correlation.  Twenty-one 
of  them  suffered  each  from  one  pyrexial  period,  lasting  from  one  to 
seven  days  and  preceded  or  followed  by  apyrexia ;  and  in  all  except 
Case  32,  the  asexual  parasites  were  very  much  more  numerous 
during  the  pyrexial  period.  Nine  of  the  cases  (7,  17,  18,  19,  20,  23, 
24,  26,  32)  suffered  from  one  or  two  relapses  each  (thirteen  relapses 
altogether);  and  every  relapse,  as  well  as  every  original  attack,  was 
associated  with  a  comparatively  large  number  of  parasites  (forty-three 
pyrexial  periods  altogether).  Similarly,  there  were  forty-six  apyrexial 
periods  (including  the  four  cases  without  fever),  all  associated  with 
comparatively  small  numbers  of  asexual  parasites  ;  and  conversely 
not  a  single  marked  rise  in  the  number  of  asexual  parasites  took 
place  without  corresponding  fever. 

For  further  details  we  compare  the  numbers  of  parasites  per 
c.mm.  counted  on  days  of  fever  with  those  counted  on  days  without 
fever.  A  febrile  day  is  taken  as  any  one  on  which  the  patients 
temperature  exceeds  98'6°  F.  (  =  36°  Haematothermic  Scale),  or  any 
one  which  comes  between  two  tertian  paroxysms  (Cases  9>  *4»  24)- 
The  non-febrile  days  on  which  no  asexual  forms  could  be  found  in 
1  c.mm.  of  blood  are  omitted.  The  results  are : 


Cases 

Days 

Total 

parasites 

Average 
per  day 

Ratio 

P.  max— 

Fever  . 

8 

3° 

136,062 

4,535 

3^3 

No  fever . 

8 

68 

8,487 

125 

— 

P-  falciparum— 

Fever  . 

21 

97 

1,319,880 

13,607 

29-6 

No  fever . 

x9 

83 

38,277 

461 

If  we  had  not  omitted  the  non-febrile  days  on  which  no  parasites 
were  found,  the  non-febrile  daily  averages  would  have  been  much 
smaller  than  the  figures  given  above,  and  the  ratio  of  the  febrile 


averages  to  them  much  larger;  so  that  the  febrile  excess  is  very 
marked.  An  examination  of  the  details  will  further  convince  the 
reader  of  the  great  fall  in  temperature  which  accompanies  the  fall 
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-  in  the  number  of  parasites.  We  should  note  that  the  comparative!} 
small  numbers  of  P.  vivax  found  are  due  to  the  fact  that  the 
specimens  generally  contained  a  large  proportion  of  mature  parasites, 
not  as  yet  disintegrated  into  spores— these,  of  course,  being  absent 
from  peripheral  blood  containing  P.  falciparum,  in  which  only 
spores  or  young  forms  generally  occur.  There  is  no  reason  for 
considering  quinine  in  this  connection,  because  it  probably  affects 
the  fever  only  through  its  action  on  the  parasites. 


6.  The  degree  of  fever  associated  with  various  numbers  of 
parasites.  We  know  of  no  extensive  and  exact  studies  on  this 
point,  and  ours  are  not  yet  complete.  On  forty-seven  occasions 
the  number  of  parasites  was  carefully  compared  with  the  maximum 
degiee  of  temperature  reached  during  the  febrile  paroxysm  caused 
by  them,  and  the  following  results  were  obtained:  — 


P.  vivax  (12  occasions) — 

No.  of  parasites  ... 
Maximum  temp.  °H.F.  * 

No.  of  parasites  . 

Maximum  temp.  H.F. 

No.  of  parasites  . 

Maximum  temp.  H.F. 

Co-efficien 

P-  falciparum  (35  occasions)— 

No.  of  parasites 
Maximum  temp.  °H.F. 

No.  of  parasites 
Maximum  temp.  H.F. 

No.  of  parasites 
Maximum  temp.  H.F. 

No.  of  parasites  ... 
Maximum  temp.  H.F. 

No.  of  parasites  ... 
Maximum  temp.  H.F. 

No.  of  parasites  ... 
Maximum  temp.  H.F. 

No.  of  parasites  ... 
Maximum  temp.  H.F. 


Co-efficient  of 

"  H.F.  =  Haematothermic 


1,500 

1,400 

580 

440 

43° 

84 

IOI 

97 

102 

76 

...  260 

256 

232 

150 

•33 

76 

54 

46 

44 

3+ 

...  IOO 

83 

34 

20 

correlation  r 

(rigor) 
;=  0-68561 

+  0-10318 

303,000 

58,000 

55,000 

54,00° 

5°’  ■» 

108 

82 

88 

IOO 

9s 

45,000 

36,000 

34,000 

31,000 

76 

26,0* 

76 

60 

86 

94 

26,000 

25,000 

16,000 

15,000 

15.°°° 

IOI 

80 

52 

54 

54 

15,000 

9,700 

9,000 

7)5°° 

7r4CO 

70 

56 

70 

90 

4° 

6,700 

6,500 

83 

6,000 

5,800 

5,200 

86 

52 

70 

76 

4,000 

4,000 

3,600 

3,000 

2,600 

70 

40 

80 

38 

64 

2,50° 

2,000 

46 

1,860 

1,000 

zoo 

5° 

38 

i5 

5° 

rrelation  r  = 

0-60331  n 

2  0-07251 

scale  Fahrenheit. 
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These  figures,  together  with  the  numerous  ones  given  in  the  table 
of  cases,  show  a  very  marked  correlation,  but  there  are,  of  course, 
many  minor  deviations.  In  numbers  of  the  specimens  there  were 
certainly  two  sets  of  parasites  of  different  ages,  which  were  often 
counted  together,  though  only  one  set  could  have  been  concerned 
with  the  fever.  It  is  probable  also,  though  by  no  means  certain, 
that  the  resistance  to  the  toxin  of  the  Plasmodia  varies,  not  only  in 
different  persons,  but  in  the  same  person  at  different  stages  in  the 
course  of  his  infection  and  under  different  physiological  conditions. 
Our  new  methods  will,  we  hope,  enable  us  shortly  to  undertake 
very  detailed  studies  on  these  points. 

;.  The  -pyrogenic  limit.  It  is  quite  evident  that  if  the  parasites 
fall  below  a  certain  limit  they  are  no  longer  numerous  enough  to 
cause  fever.  Thus  with  P.  vivax,  an  average  of  125  parasites  of 
all  ages  and  forms  counted  during  sixty-eight  days  in  eight  cases, 
and  with  P.  falciparum  an  average  of  460  asexual  forms  counted 
during  eighty-three  day  in  nineteen  cases,  failed  to  produce  fever. 
The  actual  limit  above  which  they  become  pyrogenic  probably  varies 
in  different  cases.  With  P.  vivax  as  many  as  1,500,  852  and  540 
were  found  in  Cases  2,  6,  and  ;  without  fever,  and  as  few  as  150 
and  50  in  Cases  5  and  9  with  very'  slight  lever  (986  F.),  so  |  at 
about  200  to  500  may  perhaps  be  taken  as  the  usual  limit.  it  1 
P.  falciparum ,  as  many  as  1 ,620  (asexual)  were  found  as  an  average 
of  four  non-febrile  days  in  Case  26,  and  1,196  as  an  average  o 
six  non-febrile  days  in  Case  25;  while  in  Case  18,  from  16  to  1,8  o 
were  present  for  twenty-two  days  without  causing  any  mar 
fever,  so  that  600  to  1,500  may  perhaps  be  adopted  as  the  usua 
limit.  With  P.  malariae  (Case  1),  an  average  of  /9  were  present 
for  thirteen  days  without  fever,  but  about  140  twice  caused  sligi 
rigor. 

8.  The  asexual  forms  between  the  relapses .  It  is  generally 
thought  and  taught  that  these  forms  tend  to  ‘  disappear  between 
the  relapses — though  of  course  exceptions,  especially  in  c  1  ren, 
are  noted— and  to  reappear  during  them;  and  several  hypot  eses, 
such  as  that  of  parthenogenesis  (F.  Schaudinn)  have  been  advanced 
explain  the  supposed  phenomenon  and  have  led  to  what  appe 
be  much  waste  of  work.  We  find  that  the  asexual  forms  do  no 
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necessarily  disappear  at  all  between  the  relapses,  but  are  generally 
still  to  be  found  in  small  numbers  per  c.mm.  on  most  of  the  davs. 
The  apyretic  periods  preceding  the  thirteen  relapses  in  our  cases 
(.7 >  *7>  *8,  19,  20,  23,  24,  26,  32)  lasted  114  days  altogether  (nearly 
nine  days  each  on  the  average).  On  eighteen  of  these  days  no 
observations  were  made;  but  on  the  remaining  ninety-six  days  the 
parasites  were  found  in  small  numbers  in  59,  or  61  per  cent.,  and 
were  not  found  only  in  37.  Moreover,  the  general  trend  of  the 
curves  suggests  that  they  were  not  found  on  these  days  only  because 
their  numbers  were  a  little  too  few  for  detection.  The  parasite 
curve,  at  its  height  during  a  pyrexial  period,  generally  falls  very 
rapidly  at  first  and  more  slowly  later,  and  tends  to  reach  its  lowest 
about  half  way  between  two  apyrexial  periods.  At  this  point  it 
may  or  may  not  remain  above  the  detectable  limit  (by  thick  him 
methods).  After  this  it  was  observed  (by  D.T.),  especially  in 
Cases  7,  17,  23  and  24,  to  begin  mounting  slowly  at  first,  until 
when  it  reached  the  pyrogenic  limit,  another  pyrexial  period 
commenced.  All  this  is  scarcely  compatible  with  the  speculation 
that  the  apyrexial  periods  are  due  to  the  abrupt  death  of  most  of 
the  asexual  Plasmodia ,  or  to  their  conversion  into  ‘resting  stages,’ 
etc.  j\or  do  sucli  speculations  appear  to  be  at  all  necessary.  It  is 
easy  to  see  that  the  survival  of  comparatively  small  numbers  of  the 
asexual  forms  will  suffice  to  keep  the  infection  alive,  not  only  for 
t  ie  short  periods  observed  by  us,  but  for  ‘  relapses  of  long  interval; 
and  for  months  or  years.  Obviously,  if  only  a  few  parasites  per 
c.mm.  are  present,  they  may  easily  be  overlooked  in  the  small 
amount  of  blood  (say  o'l  c.mm.)  usually  examined  by  thin  film, 
may  then  be  reported  as  being  absent:  yet  many  millions  may 
1  exist  in  a  patient  who  contains  say  3,000,000  c.mm.  of  blood, 
r  sf)ec^at^on  regarding  parthenogenesis  in  malaria  and  tire  case 
au  mn,  supposed  to  support  it,  have  been  criticised  elsewhere 
y  one  o  us  (R.R.).*  jn  two  Qf  our  reiapSj^g.  cases  ^  26)  no 

xua  orms  at  all  were  found  during  thirty-five  different  thick 
/  ™10nS-  ^ven  ^  they  were  present  in  small  numbers 

narlT  c  C°lleCt  in  the  sPIeen)>  the  numbers  of  asexual 

canrmf  °Un,  m  °r  JUSt  ^efore  relapses  (24  and  400  per  c.mm., 

_ _ e  explained  by  parthenogenesis  unless  we  suppose  that  each 

#  Prevention  of  - - 
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sexual  form  produced  by  ‘  gametoschizogony  ’  840  or  14,000  spores. 
Until  better  evidence  for  such  views  is  adduced,  our  results  justify 
the  doctrine  that  the  malarial  infection  is  kept  continuously  alive 
simply  by  the  persistence  of  the  asexual  form  in  varying  numbers ; 
and  that  fever  occurs  only  when  the  forms  are  numerous  enough  to 
produce  it. 

9.  The  effect  of  quinine  on  the  asexual  forms.  The  destructive 
effect  of  the  drug  is  of  course  everywhere  recognised,  though  very 
Tittle  completely  satisfactory  statistical  evidence  can  be  cited  in  proof. 
Many  laborious  researches  have  been  made  regarding  the  comparative 
utility  of  the  various  salts,  but  these  have  been  confined  almost 
entirely  to  estimating  the  rate  and  percentage  of  absorption,  judged 
from  urinary  elimination.  The  subject  is  of  the  greatest  sanitary 
and  medical  importance  ;  but,  so  far  as  we  can  see,  it  can  be  usefully 
studied  only  by  the  more  detailed  enumerative  analysis  which  we 
propose  soon  to  undertake.  Our  daily  analysis  gives  little  more  light ; 
but  the  following  figures  may  be  mentioned.  Cases  1 5 >  *6 

showed  no  asexual  forms ;  Cases  1 1  and  1 3  were  so  severe  that 

quinine  was  given  at  once;  Cases  1,  5,  27,  31  and  32  were  so  mild 

that  quinine  was  withheld  during  the  period  of  observation  ;  and 

in  the  remaining  cases  the  drug  was  withheld  only  for  some  days 
(except  an  occasional  necessary  dose)  and  was  then  given  continuously 
while  the  parasites  were  being  counted.  We  have  therefore  added 
together  all  the  daily  counts  during  the  periods  of  no-quinine  and 
quinine  respectively.  With  eight  cases  of  P.  vivax  there  were 
forty-five  no-quinine  days  showing  104,032  total  parasites,  or  an 
average  of  2,312  a  day;  and  there  were  74  quinine  days  with 
3U769  total  parasites,  or  an  average  of  only  429  a  day  (one-fifth). 
With  P.  falciparum  (19  cases),  147  no-quinine  days  showed  an 
average  of  31,136  asexual  forms,  and  148  quinine  days  an 
average  of  1,535  (one-half).  We  should  have  expected  that 
the  proportion  of  quinine-day  parasites  would  have  been 
smaller;  but  the  no-quinine  counts  are  diminished  by  the  inclusion 
of  the  five  mild  cases  and  also  by  doses  of  10  to  20  grains 
which  were  given  on  ten  isolated  occasions.  On  quinine  days  the 
doses  are  generally  20  to  30  grains  a  day,  and  Cases  11,  1 3>  *4> 
and  16  and  parts  of  other  cases  are  omitted  because  they  were 
unsuitable.  Great  falls  in  the  number  of  parasites  occurred,  even 
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without  quinine,  in  Cases  5,  17  and  26;  while,  on  the  other  hand 
small  numbers  of  asexual  forms  remained  in  some  cases  for  five  0: 
more  days  in  spite  of  considerable  daily  dosage.  In  Case  23  a 
severe  relapse  began  six  days  after  the  stoppage  of  quinine  tannate, 
which  had  been  given  for  nine  previous  days  in  ten  to  thirty  grain 
doses  daily.  No  other  relapses  occurred  after  continuous  quinine 
treatment;  but  twelve  occurred  without  it. 

10.  Observations  on  the  sexual  forms.  It  is,  of  course, 
generally  held — and  probably  quite  rightly — that  these  are 
developed  (by  a  cytological  process  not  yet  clearly  seen)  from  the 
asexual  forms.  But  at  the  same  time  no  one  has  been  able  to  note 
any  correspondence  between  their  numbers — many  of  the  former 
may  be  present  when  the  latter  are  very  scarce,  and  vice  versa.  This 
lule,  which  is  fully  confirmed  by  our  figures,  has  always  been 
difficult  to  reconcile  with  the  accepted  theory  of  origin.  On 
comparing  our  curves,  however,  the  remarkable  fact  was  observed 
(by  D.  T.)  that  there  often  seems  to  be  indeed  a 

correspondence,  but  that  it  is  delayed  for  from  eight  to  ten 
days  that  is,  that  the  sexual  curve  tends  to  rise  that  number 
of  days  after  a  rise  in  the  asexual  curve.  Out  of  our  twenty-five 
infections  with  P.  falciparum  eighteen  showed  crescents,  and  of 
thebe  cases,  14,  22,  17,  18,  20,  23,  24  and  30  suggest  this 
phenomenon,  while  in  17  and  20  the  rises  are  sufficiently  isolated  to 
show  it  most  distinctly.  In  Case  17,  asexual  rises  existed  on  the 
ist~3rd  days,  the  nth-i2th  and  the  2ist-22nd  days,  separated  by 
apyiexial  periods  during  which  few  asexual  and  no  sexual  forms 
were  found;  but  on  the  30th  day  (eight  days  after  the  last  relapse) 
crescents  appeared  for  the  first  time.  In  Case  20  an  asexual  relapse 
commenced  on  the  17th  day  and  reached  its  height  on  the  20th  day. 
A  very  few  crescents  had  been  found  all  the  time;  but  a  marked 
ise  in  their  numbers  commenced  on  the  26th  day  and  reached  its 
t  on  the  28th  day.  The  most  ready  explanation  is  that  the 
crescents  require  eight  to  ten  days  for  development ,  during  which 
ley  remain  undetected,  probably  in  the  internal  organs  of  the  host, 
s  is  confirmed  by  the  fact  that  numerous  small  ones  are  seen  at 

madT^enCement  °farise;  “d  aIso  by  the  observation  (frequently 
at  m  fresh  infections  the  crescents  seldom  appear  until  a 
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week  or  more  after  the  first  attack  of  fever.  Strong  confirmation  is 
also  given  by  Case  6,  in  which  Dr.  Fantham  noted  a  sudden 
appearance  of  sexual  forms  (P.  vivax)  on  the  i  ith  day,  seven  to  ten 
days  after  the  original  asexual  rise  and  after  the  patient  had  been 
taking  thirty  grains  of  quinine  daily  for  a  week — suggesting  that 
the  same  phenomenon  holds  for  P.  vivax  also. 

Other  observations  are  as  follows:— (i)  By  no  means  every 
asexual  rise  is  followed  by  a  sexual  one.  In  seven  cases  (13,  I9> 
25,  26,  28,  31,  33)  no  crescents  at  all  were  seen.  In  Case  13,  a 
negro,  173,400  asexual  forms  per  c.mm.  failed  to  produce  any; 
and  none  was  observed  in  another  negro  (Case  28).  (2)  I  he  number 
of  crescents  never  exceeded  five  per  cent,  of  asexual  forms  found 
in  the  generation  which  (hypothetically)  produced  them,  and  were 
generally  in  much  smaller  proportion.  (3)  We  could  find  no 
relation  to  youth,  vigour,  amount  of  haemoglobin,  duration  of 
infection  (from  three  to  thirty  weeks),  or  season  of  first  infection. 
(4)  The  daily  counts  of  crescents  generally  show  marked  daily 
variations,  but  we  think  that  after  considerable  doses  of  quinine 
have  been  given  for  some  days  these  daily  variations  tend  to  be 
smoothed  out  (Cases  16,  18,  22,  24).  (5)  In  Cases  15,  14  and  16, 
particularly,  a  distinct  tertian  tendency  was  observed  in  the  daily 
variations  of  crescents.  This  appears  not  to  have  been  previously 
noticed,  but  is  just  what  would  be  expected  in  the  case  of  a  tertian 
parasite — though,  of  course,  the  curve  would  be  confused  in  a 
double  tertian.  (6)  Sometimes  the  crescent  curve  suddenly  rises 
with  great  rapidity,  reaches  its  maximum,  and  then  begins  to  fall 
on  the  next  day  with  equal  rapidity,  though,  later,  the  fall  often 
tends  to  be  much  more  slow  (Cases  14,  1 5 »  22>  23)>  especially  when 
the  numbers  are  very  small.  Apparently,  the  greater  the  maximum 
the  quicker  fall  (Cases  14,  15);  and  the  fall  is  sometimes  jagged 
with  a  tertian  tendency  (ibid.).  (7)  Sometimes  the  maximum  is 
irregularly  maintained  for  a  number  of  days  (Cases  16,  18,  24), 
especially  when  quinine  has  not  been  previously  given.  (8)  The 
crescents  remained  detectable  for  as  many  as  31,  32,  32,  35  and  44 
days  in  Cases  20,  22,  23,  24  and  18  respectively;  and  finally 
disappeared  (in  1  c.mm.  of  blood)  in  Cases  1,  n,  12,  16,  21  and  23. 

From  these  data  we  think  (1)  that  a  varying  percentage  of 
asexual  forms  (sometimes  very  few  or  none)  are  constantly 
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generating  crescents,  which,  after  about  eight  to  ten  days,  appear 
in  the  peripheral  blood.  Hence,  when  the  asexual  forms  remain 
sufficiently  numerous  for  a  period,  as  when  no  quinine  is  given,  the 
stock  of  crescents  is  being  constantly  replenished.  Thus  the 
mortality  among  the  older  crescents  is  constantly  being  compensated 
for  by  new  arrivals,  and  the  total  numbers  appear  to  remain 
constant— an  appearance  which  has  given  rise  to  the  generally 
accepted  hypothesis  (perhaps  erroneous)  that  the  crescents  survive 
for  weeks.  On  the  other  hand  the  sudden  rise  and  fall  of  their 
numbers  seen  in  Cases  14,  15,  22  and  23,  suggest  that  they  really 
survive  only  for  a  short  time  after  their  appearance  in  the  peripheral 
blood.  In  Cases  16  and  24,  however,  a  few  crescents  were  still 
found  after  quinine  had  been  given  continuously  for  sixteen  to 
eighteen  days,  suggesting  that  some  of  them  may  be  able  to  survive 
foi  longer  periods.  In  Cases  20,  22  and  23,  they  appeared  in 
increasing  numbers  for  four  to  six  days  after  continuous  30-grain 
closes  of  quinine  had  been  commenced,  suggesting  that  the  dmg 
has  no  effect  upon  them  when  they  have  once  been  generated.  But 
quinine  appears  to  affect  the  numbers  of  crescents  indirectly  by 
cutting  off  the  source  of  supply.  Though  many  researches  upon 
the  effect  of  quinine  on  crescents  (a  subject  of  the  greatest  sanitary 
importance)  have  been  attempted,  so  far  as  we  know  the  possibility 
of  a  constantly  continued  supply  has  not  previously  been  taken  into 
consideiation.  We  are  continuing  researches  on  the  point. 


d  The  leucocytes  were  counted  frequently,  but  not  always 

ai  y ,  at  first  by  the  haemocytometer,  but  in  the  later  twenty 
cases  y  the  thick  film  method.  The  latter  method  has  the 
vantages  of  putting  the  leucocytes  closer  together  and  of 

but  T'f  US  t0  CStlmate  tllem  at  the  same  time  with  the  parasites; 
for’  rrr  ^  haemocytometer,  it  is  not  very  appropriate 
Hl-  eyentlal  counts  because  of  occasional  uncertainty  in 

fin  ,^U1S  ln£  the  various  kinds.  Accordingly  these  were  made 
occasion CaSCS/  ^  ^ms>  5°o  cells  being  examined  on  each 


iesu  ts  are,  as  shown  in  all  the  cases,  that  during  the  pyrexial 

low  1 1C  t0tal  leucocytes  comparatively  few,  being  frequently 
'  as  2  to  3.000  per  c.mm.  (Cases  17,  18,  23,  24,  etc).  But  as 


Periods 
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the  asexual  forms  and  the  fever  diminish  the  total  leucocyte  curve 
rises,  and  about  seven  days  later  exceeds  the  normal  and  may  reach 
20,000  and  even,  rarely,  30,000  per  c.mm.  (Case  7) — though  this 
height  is  not  maintained.  The  very  high  counts  seem  to  be  associated 
with  much  quinine.  We  observed  generally  that  the  so-called 
polymorphonuclear  leucocytes,  though  rather  few  during  the 
pyrexial  periods,  do  not  vary  much  from  day  to  day,  but  about 
seven  days  after  the  fever  has  abated  their  numbers  are  markedly 
increased  and  vary  much.  The  so-called  mononuclear  percentage 
was,  however,  always  in  excess  throughout  the  cases,  even  long 
after  disappearance  of  all  forms  of  the  parasites  for  six 
weeks  afterwards  in  Case  1 ,  though  quinine  had  been  given 
daily  during  that  period  (out  of  hospital).  We  think,  therefore,  that 
a  high  mononuclear  percentage  is  likely  to  be  always  of  value  in 
diagnosis  in  the  absence  of  parasites.  The  normal  ratio  of  all 
mononuclears  to  polymorphonuclears  is  about  35  per  cent.,  but  in 
our  cases  it  was  often  60  per  cent.,  and  in  Case  3°  reached  80  per 
cent.  It  tends  to  fall  slightly  with  great  improvement  in  health. 
Thus  the  total  leucocyte  rise  appears  to  be  due  chiefly  to  mono¬ 
nuclears.  During  the  individual  daily  paroxysms,  as  shown  by 
Stephens  and  Christophers,*  the  total  mononuclears  are  rather  low 
during  the  height  of  the  fever,  but  show  a  marked  increase  during 
the  following  remission,  this  increase  affecting  chiefly  the  large 
mononuclears.  This  process  is  repeated  with  each  paroxysm,  and 
if  a  paroxysm  fails  the  mononuclears  remain  increased  (Case  9 
especially).  But  we  could  not  always  find  these  variations  in  the 
absence  of  fever  and  many  parasites.  This  mononuclear  reaction, 
which  we  have  also  seen  in  our  case  of  trypanosomiasis,  appears  to 
be  exactly  comparable  to  the  polymorphonuclear  reaction  described 
by  F.  W.  Andrews  (‘Lancet,’  June,  July,  1910)  as  generally 
occurring  in  bacterial  diseases. 


12.  Various  therapeutic  agents.  Methylene  blue  was  tried  m 
three  cases  in  12  grain  daily  doses;  the  parasites  diminished,  but 
we  cannot  draw  any  conclusions  from  the  figures.  In  Case  24, 
altogether  36  grains  of  soamin  were  injected  intramuscularly  in 


’  The  increase  in  the  number  of  large  mononuclear  leucocytes  as  a  diagnostic  sign  of 
Royal  Society’s  Malaria  Committee  Reports,  Fifth  Series,  1901.  Harrison  &  Sons,  London. 
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5  to  io  grain  doses  on  five  occasions  during  twelve  days,  and  yet  a 
smart  relapse  occurred  during  and  after  the  last  dose.  In  the  same 
case  just  before  the  same  relapse  X-rays  had  been  applied  over  the 
spleen  and  abdomen  for  twenty  minutes.  The  asexual  parasite  rise 
had  commenced  before  the  application.  In  Case  24,  faradic  and 
galvanic  currents  were  applied  over  the  spleen,  each  for  ten  minutes, 
but  crescent  counts  made  immediately  before  and  two  hours  after 
the  application  remained  unaltered 

13.  Haemoglobin.  This  was  estimated  in  most  of  the  later 
cases.  I'he  percentage  always  fell  during  fever  and  began  to  rise 
rapidly  shortly  afterwards,  proving  the  destructive  effect  of  the 
parasites  and  the  rapid  recuperation  of  the  patients.  The  greatest 
fall  was  25  per  cent,  after  four  days’  fever  (Case  20);  but  more 
detailed  work  is  required  to  trace  correspondence  with  the  number 
of  parasites.  1  he  lowest  percentage  found  was  53  per  cent.  All  the 
patients  were  anaemic  at  first,  but  the  haemoglobin  rose  rapidly  with 
improvement  of  health,  and  very  rapidly  in  the  more  vigorous  subjects. 
We  decided  not  to  attempt  counts  of  red  corpuscles,  as  these  have 
been  made  so  frequently  already.  The  elimination  of  the  haemoglobin 
and  the  findings  in  a  case  of  blackwater  fever  will  be  dealt  with  in 
the  two  following  papers  by  Dr.  Simpson  and  in  one  by  ourselves. 

14.  Summary.  (1)  There  would  seem  to  be  a  very  decided 
correlation  between  the  number  of  asexual  Plasmodia  found  in  the 
peripheral  blood  and  the  fever. 

(2)  As  a  rule,  no  fever  exists  unless  the  asexual  forms  exceed 
some  hundreds  per  c.mm. 

(3)  The  asexual  forms  do  not  always  disappear  between  relapses 
(as  often  thought)  but  tend  to  persist  in  small  numbers  per  c.mm.. 

an  often  increase  again  for  some  days  before  the  actual  febrile 
relapse  occurs. 

(4)  These  observations  give  a  coherent  theory  of  the  malarial 
n\  asion,  according  to  which  the  infection  is  kept  alive  indefinitely 
y  tie  ordinary  sporulation  of  the  asexual  forms,  and  not  by 

P  t  enogenesis  or  by  resistant  forms;  and  fever  recurs  only  when 
the  parasites  are  numerous  enough  to  produce  it. 
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(5)  We  estimate  from  our  cases  that  considerable  continued 
doses  of  quinine  reduced  the  asexual  forms  by  50  to  80  per  cent. 

(6)  There  are  strong  reasons  for  supposing  that  the  sexual  forms 
require  eight  to  ten  days  for  development ;  that  the  often  noticed 
long  persistence  of  crescents  is  not  due  to  their  long  life  (as 
generally  thought)  but  to  constant  replenishments  of  the  stock  by 
fresh  broods;  that  they  sometimes  show  a  distinct  tertian 
periodicity;  and  that  quinine  does  not  affect  them  when  once 
generated;  but  ultimately  reduces  their  numbers  by  destroying  the 
generating  cells.  The  sexual  forms  were  never  seen  to  produce 
fever. 

(7)  The  leucocytes  are  below  normal  during  febrile  periods  and 
above  normal  afterwards.  The  percentage  of  mononuclears  rises 
after  paroxysms  and  is  always  in  excess  of  the  normal. 

(8)  Methylene  blue,  soamin,  X-rays,  and  faradic  and  galvanic 
currents  had  no  results  in  a  few  experiments. 

(9)  The  haemoglobin  falls  markedly  with  fever,  but  rises  rapidly 
with  convalesence. 

(10)  The  faecal  urobilin  shows  marked  correlation  with  the 
occurrence  of  fever,  and  is  specially  studied  in  the  accompanying 
paper  by  Dr.  G.  C.  E.  Simpson. 

Many  other  deductions  may  be  based  on  our  observations,  but 
will  be  better  considered  after  more  detailed  counts  have  been 
made. 
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TABLE  GIVING  THE  DAILY  DETAILS  OF  33  CASES  OF  MALARIA  STUDIED 
BY  ENUMERATIVE  METHODS 

Not*. — The  headline  of  each  case  gives  initials,  calling,  age,  where  infected  (presumstb, 
how  long  previously  infected  (presumably),  month  of  admission,  and  body  weight  on  admiis- 
The  maximum  temperatures  are  given  in  the  Haem3tothermic  Fahrenheit  scale  (H.F.),  which 
equals  the  excess  over  95°F.,  multiplied  by  10.  The  leucocytes  are  recorded  in  hundreds 
c.mm. ;  the  haemoglobin  either  in  the  Talqvist  or  the  Sahli  scale;  the  urobilin  (either  urns' 
or  faecal)  in  milligrams  ;  the  drugs  in  grains  ;  and  the  parasites  (either  all  forms  together  orasera 
and  sexual  forms  separately)  in  numbers  per  c.mm. 


A.  P.  malariae  and  P.  falciparum  (crescents  only). 

Case  r. — W.  M.,  ship  butcher,  42;  West  Africa;  70  days;  February,  145 lbs. 


Days  . 

1 

2 

3 

4 

5 

6 

7 

Total  parasites  ... 

— 

254 

76 

— 

148 

121 

■51 

Crescents 

zoo 

164 

170 

— 

180 

141 

K8 

Maximum  temp. 

26 

20 

20 

22 

3° 

34 

3° 

(rigor) 

(rigor) 

Methylene  blue,  grs.  ... 

— 

— 

— 

4 

12 

11 

Polychr.  methylene  blue,  c.c.  ... 

— 

— 

— 

— 

- 

- 

- 

Ur.  urob.,  mgr . 

20 

? 

>8 

0 

0 

- 

- 

Days  . 

8 

9 

10 

1 1 

12 

>3 

>4 

Total  parasites . 

127 

140 

57 

17 

'7 

23 

8 

Crescents 

220 

117 

86 

70 

51 

38 

16 

Maximum  temp. 

40 

3° 

3° 

3° 

16 

22 

34 

Methylene  blue,  grs. 

12 

12 

12 

12 

12 

12 

0 

Polychr.  methylene  blue,  c.c.  ... 

— 

— 

_ 

_ 

— 

- 

- 

Ur.  urob.,  mgr . 

— 

— 

— 

— 

- 

- 

- 

Days  . 

r5 

16 

17 

18 

19 

20 

21 

Total  parasites . 

16 

6 

0 

_ 

0 

0 

0 

Crescents  . 

2 

ro 

10 

0 

— 

2 

2 

Maximum  temp.  . 

34 

3° 

34 

24 

3° 

30 

22 

Methylene  blue,  grs . 

— 

_ 

_ 

_ 

4 

12 

12 

Polychr.  methylene  blue,  c.c.  ... 

'5 

45 

3° 

0 

_ 

— 

Ur.  urob.,  mgr.  ... 

_ 

_ 

- 

B.  P.  mvax. 
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Case  2.— J.  B.,  seaman,  26  ;  Colon  ; 

120  days;  January,  147 

lbs. 

Days  .  1 

2 

3 

4 

5 

6 

7 

Total  parasites  ...  ...  ...  8,766 

6,233 

2,630 

i>5°° 

1 ,200 

— 

0 

Maximum  temp.  ...  ...  48 

38 

58 

20 

24 

24 

18 

Q.  hydrochloride,  grs .  0 

'5 

3° 

3° 

3° 

3° 

30 

Case  3. — J.  H.,  seaman,  50;  W.  Africa;  35  days;  January,  ? 

Days  .  1 

2 

"3 

4 

5 

6 

to  II 

Total  parasites  ...  ...  ...  11,019 

■,444 

642 

88 

40 

0 

0 

Maximum  temp.  .  84 

42 

44 

34 

32 

22 

normal 

Q.  sulph.,  grs .  — 

— 

— 

— 

20 

20 

20 

Ur.  urob.,  mgs.  .  2 

0 

0 

0 

0 

— 

— 

Case  4. — J.  Hough,  ship  steward,  22 

;  Vera 

Cruz  ; 

1 1 2  days 

;  March, 

105  lbs. 

Days  .  1 

2 

3 

4 

5 

6 

7 

Total  parasites .  370 

308 

5<>5 

280 

46 

8 

0 

Maximum  temp.  .  46 

44 

76 

58 

3° 

26 

28 

Q.  hydrochloride,  grs.  ...  ...  — 

— 

— 

3° 

30 

3° 

3° 

Total  leucocytes  ...  ...  — 

55 

— 

86 

— 

— 

— 

Hb.  TaL,  percentage  .  90 

85 

85 

80 

85 

85 

85 

Ur.  urob.,  mgs.  ...  ...  ...  54 

0 

t8 

82 

140 

17 

19 

Days  .  g 

9 

1 1 

— 

— 

— 

— 

Total  parasites .  0 

0 

0 

— 

— 

— 

— 

Maximum  temp.  .  20 

24 

J4 

— 

— 

— 

— 

Q.  hydrochloride,  grs .  30 

30 

3° 

— 

— 

— 

— 

Total  leucocytes  .  84 

— 

160 

— 

- 

— 

— 

Hb.  TaL,  percentage  .  85 

85 

90 

— 

— 

— 

— 

Ur.  urob.,  mgs.  ...  ...  0 

0 

— 

— 

- 

— 

— 

Case  5.— R.  R.,  planter,  25  ;  Fernando  Po  ; 

75  days 

March, 

129  lbs. 

Day.  . 

2 

3 

4 

5 

6 

7 

Total  parasites . 28)7oo 

7,753 

i,i53 

1,000 

150 

200 

140 

Maximum  temp .  g2 

60 

76 

5° 

36 

36 

26 

Methylene  blue,  grs .  _ 

_ 

— 

12 

12 

12 

12 

Total  leucocytes 

65 

5° 

56 

71 

47 

48 

Hb.  TaL,  percentage  .  _ 

90 

85 

80 

85 

85 

80 

LT.  urob.,  mgs .  ,9 

*4 

23 

12 

— 

— 

— 

Fmc-  uro>>-,  mg,.  .  0 

27 

0 

0 

- 

— 

— 

s 
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Case  5 — continued 


Days  . 

8 

9 

10 

ir 

12 

*3 

'4 

Total  parasites . 

200 

f»4 

96 

32 

7* 

0 

26 

Maximum  temp. 

...  20 

28 

32 

24 

18 

16 

26 

Methylene  blue,  grs.  ... 

...  12 

12 

12 

12 

- 

- 

- 

Total  leucocytes 

— 

43 

— 

- 

- 

- 

- 

Hb.  Tal.,  percentage  ... 

90 

90 

90 

90 

90 

90 

9° 

Ur.  urob.,  mgs.  ... 

— 

— 

— 

— 

— 

- 

- 

Faec.  urob.,  mgs. 

— 

— 

— 

— 

- 

- 

- 

Days  . 

15 

16 

— 

— 

— 

- 

- 

Total  parasites  ... 

6 

3° 

— 

— 

- 

- 

- 

Maximum  temp. 

28 

22 

— 

— 

— 

- 

- 

Methylene  blue,  grs.  ... 

— 

— 

— 

— 

— 

- 

- 

Total  leucocytes 

78 

— 

— 

— 

— 

- 

- 

Hb.  Tal.,  percentage  ... 

90 

90 

— 

— 

— 

- 

- 

Ur.  urob.,  mgs . 

— 

— 

— 

— 

— 

- 

- 

1‘aec.  urob.,  mgs. 

— ■ 

— 

— 

— 

- 

- 

- 

Case  6. — J.  M.,  sailor, 

1 9  i  Niger;  1 

35  ‘lay* ; 

April,  ? 

Days  . 

...  J 

2 

3 

4 

5 

6 

7 

As.  parasites 

852 

668 

1,080 

256 

64 

68 

44 

Sex.  parasites  . 

...  — 

_ 

_ 

_ 

_ 

— 

- 

Maximum  temp. 

26 

70 

102 

82 

20 

24 

20 

Q.  bihydrochloride,  grs. 

...  0 

0 

0 

3° 

3° 

30 

30 

Ur.  urob.,  mgs.  ... 

— 

18 

1 

”5 

0 

*5 

Faec.  urob.,  mgs. 

— 

— 

— 
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•3° 

*3 

Days  . 

O 

14 

...  ft 

9 

10 

1 1 

12 

•3 

As.  parasites  . 

24 

8 

28 

_ 

— 

— 

- 

Sex.  parasites  . 

•4+ 

-ft 

16 

— 

412 

3° 

Maximum  temp. 

24 

l6 

20 

'4 

20 

26 

22 

Q.  bihydrochloride,  grs. 

30 

3° 

3° 

3° 

3° 

30 

3° 

Ur.  urob.,  mgs.  ... 

...  O 

0 

_ 

? 

Taec.  urob.,  mgs. 

...  too 

20 

1 
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Case  6— continued 


Dap  . 

15 

16 

■7 

iS 

— 

— 

— 

As.  parasites  . 

— 

— 

— 

— 

— 

— 

— 

Sex.  parasites  . 

4* 

52 

20 

8 

— 

— 

— 

Maximum  temp.  . 

24 

10 

24 

34 

— 

— 

— 

Q.  bihydrochloride,  grs. 

30 

3° 

3° 

3° 

— 

— 

— 

Ur.  urob.,  mgs . 

— 

— 

— 

— 

— 

— 

— 

Faec.  urob.,  mgs. 

— 

— 

— 

— 

— 

— 

— 

Case  y.—W.  M.,  fireman,  35  ; 

Days  . 

Niger  ; 

1 

90  days ; 

2 

May, 

3 

155  lbs. 

4 

5 

6 

7 

Total  parasites . 

— 

+40 

1,300 

'33 

250 

«52 

148 

Maximum  temp. 

22 

102 

66 

34 

3° 

28 

26 

Q.  hydrochloride,  grs . 

0 

10 

0 

0 

0 

0 

0 

Total  leucocytes 

20 

40 

22 

85 

I IO 

56 

150 

Hb.  TaL,  percentage  . 

7° 

80 

75 

85 

90 

85 

80 

Faec.  urob.,  mgs.  . 

— 

0 

53o 

34° 

88 

0 

200 

Days  . 

-  8 

9 

10 

1 1 

12 

'3 

'4 

Total  parasites . 

28 

96 

100 

130 

80 

,24 

228 

Maximum  temp.  . 

26 

24 

34 

24 

26 

3° 

28 

Q.  hydrochloride,  grs . 

0 

0 

0 

0 

0 

0 

0 

Total  leucocytes 

215 

*5* 

59 

62 

230 

149 

110 

Hb.  TaL,  percentage  . 

85 

85 

— 

80 

90 

90 

— 

Faec.  urob.,  mgs.  . 

■3° 

0 

0 

0 

70 

5° 

“ 

Days  . 

>5 

16 

«7 

18 

>9 

20 

21 

Fotal  parasites 

284 

368 

540 

280 

400 

440 

5° 

Maximum  temp. 

42 

54 

22 

3° 

20 

32 

20 

Q-  hydrochloride,  grs . 

0 

10 

3° 

3o 

3° 

30 

3° 

Total  leucocytes 

61 

too 

70 

80 

24 

7' 

45 

Hb.  TaL,  percentage  . 

80 

80 

80 

85 

Sahli 

80 

80 

Faec.  urob..  mgs. 

_ 

>er  cent. 

— 
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Case  7 — continued 

Days  . 

Total  parasites  ... 
Maximum  temp. 

Q.  hydrochloride,  grs. 
Total  leucocytes 
Hb.  Tal.,  percentage 
Faec.  urob.,  mgs. 

Days  . 

Total  parasites  ... 
Maximum  temp. 

Q.  hydrochloride,  grs. 
Total  leucocytes 
Hb.  Tal.,  percentage  . 
Faec.  urob.,  mgs. 

Days  . 

Total  parasites . 

Maximum  temp. 

Q.  hydrochloride,  grs.  ... 
Total  leucocytes 
lib.  Tal.,  percentage  ... 
Faec.  urob.,  mgs. 


22 

23 

24 

16 

28 

32 

32 

22 

28 

30 

3° 

3o 

80 

180 

44 

83 

»3 

82 

29 

3° 

31 

0 

0 

0 

30 

36 

3° 

30 

3° 

3° 

too 

61 

200 

^  1 

80 

75 

36 

37 

38 

0 

0 

0 

3° 

52 

— 

3° 

3° 

3° 

320 

185 

160 

95 

100 

100 

25 

26 

27 

0 

12 

0 

12 

28 

32 

34 

3o 

3° 

3o 

45 

5° 

140 

)"* 

80 

75 

So 

J; 

— 

- 

- 

- 

32 

33 

34 

3j 

0 

0 

0 

0 

3«(?) 

28 

2S 

22 

3° 

30 

3° 

3° 

75 

160 

300 

- 

75 

80 

83 

- 

— 

- 

- 

- 

_ 

CW  8.-P.  D.,  fireman,  29;  ?,  240  days;  May,  ? 


Days  . 

...  1 

Total  parasites  ... 

•  ••  7,600 

Maximum  temp. 

88 

Q-  hydrochloride,  grs.  ... 

I  otal  leucocytes 

78 

Hb.  Sah.,  percentage  ... 

80 

h  r.  urob.,  mgs.  ... 

...  0 

Taec.  urob.,  nigs. 

...  0 

2 

3 

4 

5 

6 

7 

3.615 

2,816 

168 

5° 

3° 

20 

86 

90 

26 

24 

16 

26 

— 

10 

3o 

et.  seq. 

— 

— 

30 

28 

40 

45 

27 

5: 

68 

80 

80 

75 

So 

«3 

80 

in 

80 

- 

- 

- 

0 

1,120 

_ 

_ 

— 

- 

2*7 


Case  8— continued 


Days  . 

8 

9 

10 

1 1 

12 

13 

14 

Total  parasites . 

16 

0 

0 

8 

0 

4 

0 

Maximum  temp.  . 

3° 

24 

26 

28 

20 

20 

24 

Q.  hydrochloride,  grs . 

— 

— 

— 

— 

— 

— 

— 

Total  leucocytes  . 

56 

1  *5 

300 

40c 

240 

200 

125 

Hb.  Sah.,  percentage  . 

70 

78 

75 

75 

77 

70 

80 

Ur.  urob.,  mgs . 

— 

— 

— 

— 

— 

— 

— 

Faec.  urob..  mgs.  ...  '  ... 

— 

— 

— 

— 

— 

— 

— 

Days  . 

'5 

16 

'7 

18 

•9 

20 

21 

Total  parasites . 

0 

0 

0 

0 

0 

0 

0 

Maximum  temp. 

34 

30 

24 

22 

3° 

34 

— 

Q.  hydrochloride,  grs . 

— 

— 

— 

— 

— 

— 

— 

Total  leucocytes  . 

150 

80 

1 10 

— 

270 

96 

250 

Hb.  Sah..  percentage  ... 

85 

80 

— 

— 

«5 

95 

100 

Ur.  urob..  mgs . 

— 

— 

— 

— 

— 

— 

Faec.  urob.,  mgs. 

— 

— 

— 

— 

— 

Case  9.— N.  B.,  sailor,  24  ; 

Peru,  43 

days;  June, 

1 61  lbs. 

Days  . 

1 

2 

3 

4 

5 

6 

.7 

Total  parasites . 

15,4°° 

9,600  1 2 

,180 

9,600 

5° 

40 

0 

Maximum  temp.  . 

103 

32 

97 

34 

36 

22 

25 

Q.  hydrochloride,  grs . 

— 

— 

20 

3° 

el  seq. 

— 

— 

Mon.  leucocytes . 

15 

75 

8 

72 

1 16 

36 

65 

Pol.  leucocytes . 

4' 

40 

50 

42 

25 

40 

65 

Hb.  Sah..  percentage . 

95 

90 

90 

95 

90 

85 

85 

Days  . 

S 

9 

to 

1 1 

12 

— 

— 

Petal  parasites  . 

20 

0 

0 

0 

0 

— 

— 

Maximum  temp.  . 

22 

3° 

25 

25 

— 

— 

— 

Q-  hydrochloride,  grs . 

— 

— 

— 

— 

— 

— 

Mon.  leucocytes . 

35 

45 

48 

105 

48 

— 

— 

Pol.  leucocytes . 

35 

32 

75 

132 

35 

— 

— 

Hb.  Sah.,  percentage . 

80 

90 

90 

85 

90 

— 

— 

2.88 


C.  P.  falciparum — 


Case’ io.— A.  M.  ship  engineer,  37;  Kamcrun,  140  days;  January,  145  lbs. 


Days  . 

.  1 

2 

3 

4 

5 

6 

7 

*As.  parasites 

•  ••  ...  1,000 

10,000 

14,700 

8,650 

2,6od 

0 

Crescents 

.  — 

— 

— 

— 

— 

'37 

73 

Maximum  temp. 

.  62 

58 

38 

54 

26 

20 

1! 

Q.  sulph.,  grs.  ... 

.  — 

— 

— 

20 

20 

20 

» 

Ur.  urob.,  mgs.  ... 

.  — 

loo 

75 

75 

'55 

45 

IS 

Days 

.  8 

_ 

_ 

_ 

_ 

_ 

_ 

As.  parasites 

.  — 

_ 

_ 

_ 

_ 

_ 

_ 

Crescents 

.  '3 

_ 

Maximum  temp. 

.  18 

_ 

_ 

_ 

_ 

_ 

_ 

Q- sulph.,  grs.  ... 

.  20 

— 

_ 

_ 

_ 

_ 

- 

Ur.  urob.,  mgs.  ... 

.  >7 

— 

— 

— 

— 

- 

- 

Case  11.— W.  M., 

steward,  17;  Niger 

;  1 00  days 

;  January,  126  lbs. 

Days 

...  ...  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

. 56,257 

55-300 

0 

0 

0 

0 

c 

Crescents 

16 

'5 

— 

4 

0 

Maximum  temp. 

.  90 

68 

44 

18 

20 

16 

'7 

Q-  hydrochloride,  grs. 

.  3° 

30 

30 

3° 

3° 

3° 

30 

Ur.  urob.,  mgs.  ... 

.  75 

'•730 

300 

230 

237 

120 

9 

Days  . 

8 

9 

10 

11 

12 

'3 

if 

As.  parasites 

— 

_ 

_ 

0 

0 

— 

- 

Crescents 

...  (el  seq.  3  days) 

— 

— 

— 

— 

Maximum  temp. 

30 

24 

34 

24 

20 

24 

34 

Q-  hydrochloride,  grs. 

•5 

•5 

15 

15 

'5 

'5 

i; 

Ur.  urob.,  mgs.  ... 

0 

...  33 

0 

0 

5° 

20 

0 

'2-~C-  H  ’  8cam™'  24:  Niger,  30  days;  January,  ,,2  lbs. 


3 

...  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

...  24,600 

ft 

47,000 

45-250 

2,250 

0 

0 

Crescents 

— 

_ 

180 

168 

- 

Maximum  temp. 

50 

86 

64 

42 

32 

20 

18 

Q-  sulph.,  grs.  ... 

— 

_ 

20 

20 

20 

20 

10 

Ur.  urob.,  mgs.  ... 

Jfc  « 

128 

'33 

I25 

'43 

5' 

5° 

9° 

As-  =  Asexual. 

- - 

— 

- ‘ 

2<S(j 


Case  12— continued 


Day*  . 

8 

9 

10 

1 1 

12 

13 

'4 

As.  parasites  . 

...  o 

0 

0 

0 

O 

0 

0 

Crescents  . 

48 

7'- 

25 

26 

34 

37 

9 

Maximum  temp. 

20 

18 

20 

18 

20 

18 

12 

Q.  sulph.,  grs . 

...  10 

10 

10 

10 

10 

10 

IO 

Ur.  urob.,  mgs . 

...  0 

0 

40 

18 

0 

27 

'7 

Days  . 

15 

16 

•7 

— 

— 

— 

— 

As.  parasites  . 

— 

— 

— 

— 

— 

— 

Crescents  . 

8 

— 

5 

— 

— 

— 

Maximum  temp. 

...  22 

12 

12 

— 

— 

— 

- 

Q.  sulph.,  grs . 

...  — 

to 

10 

— 

— 

Ur.  urob.,  mgs . 

...  0 

0 

— 

— 

" 

Case  ij. — G.  N.,  negro 

seaman.  22  ; 

Congo  ; 

30  days 

January.  118 

lbs. 

Days  . 

...  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

...  r8i,933 

I73>400 

60,100 

673 

0 

0 

0 

Crescents 

...  0 

0 

0 

0 

0 

0 

0 

Maximum  temp. 

...  >o8 

100 

46 

50 

26 

20 

20 

Q.  hydrochloride 

3° 

30 

30 

30 

30 

3o 

30 

Ur.  urob.,  mgs.  ... 

...  — 

— 

680 

100 

too 

100 

60 

Days  . 

8 

9 

— 

— 

— 

— 

— 

As.  parasites  . 

...  0 

0 

— 

— 

— 

■ 

Crescents  . 

...  0 

0 

— 

— 

— 

Maximum  temp. 

20 

20 

— 

— 

— 

— 

Q.  hydrochloride 

15 

— 

— 

— 

— 

— 

Ur.  urob.,  mgs.  ... 

...  20 

112 

0  ct. 

t eq.  (14  days) 

. .  . -O  Ike 

Case  14. — J.  M.,  sailor,  31  : 

Gold  Coast ;  56  days 

;  January.  1 58  lbs. 

Days  . 

1 

2 

3 

4 

5 

6 

7 

As.  parasites  . 

28.100 

30,050 

4*° 

0 

0 

0 

100 

Crescents  . 

— 

— 

— 

565  1, 

190 

2,000 

1,200 

Maximum  temp.  . 

76 

3° 

44 

14 

20 

16 

18 

Q.  bihvdrochloride,  grs. 

10 

20 

0 

10 

0 

Total  leucocytes 

78 

87 

81 

56 

62 

75 

5° 

Ur.  urob.,  mgs.  ... 

0 

4 

0 

20 

24 

27 

39 

Case  14 — continued 

Days  . 

As.  parasites 
Crescents 
Maximum  temp. 

Q.  bihydrochloride,  grs. 

Total  leucocytes 

Ur.  urob.,  mgs . 

Days  . 

As.  parasites 
Crescents 
Maximum  temp. 

Q.  bihydrochloridc,  grs. 

Total  leucocytes 

Ur.  urob.,  mgs . 


290 

8 

9 

xo 

0 

0 

0 

1,500 

1,300 

1,090 

20 

•4 

*4 

— 

— 

— 

56 

81 

80 

39 

1 1 

9 

>5 

16 

«7 

0 

0 

0 

,022 

691 

336 

— 

— 

— 

_ 

_ 

5°  68  59 


11 

12 

*3 

'4 

0 

0 

0 

0 

1,500 

1,108 

1,130 

74a 

12 

18 

10 

- 

— 

- 

- 

- 

56 

59 

62 

63 

— 

— 

- 

- 

18 

'9 

20 

21 

0 

0 

0 

0 

422 

— 

162 

95 

— 

81 

56 

— 

Cne  15.  W.  B.,  fireman,  27;  Vera 


Days 

As.  parasites 
Crescents 
Maximum  temp. 

Q-  hydrochloride,  grs.  ... 

Total  leucocytes 

Ur.  urob.,  mgs . 


1 

o 

6,700 

16 

3o 

1 12 

o 


Cruz  ;  49  days  ;  January, 
2  3  4 

4,37°  4)7°° 

•4  2  2  normal 

3°  30  3c 

—  100  87 

o  —  _ 


126  lbs. 

5 


4,000 


'5 

97 


6 


el  seq. 


7 


2,200 


'25 


Days 

As.  parasites 
Crescents 
Maximum  temp. 

Q-  hydrochloride,  grs. 
1  °tal  leucocytes 
L  r-  “rob.,  mgs.  ... 


9  10  r  1  12  —  — 


1,870 


937  937  77°  47°  —  ~~ 


*37  134  i2t 

O  O  — 


168 


'47 


2gi 


Case  1 6. — J.  G., 

seaman,  17  ;  W.  Africa 

;  70  days;  February,  126  lbs. 

Days  . 

.  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

.  0 

— 

— 

— 

— 

— 

Crescents 

.  244 

*°7 

99 

230 

146 

220 

197 

Maximum  temp. 

.  18 

24 

•4 

normal 

— 

— 

— 

Total  leucocytes 

.  75 

8l 

93 

1 12 

122 

'37 

”5 

Q.  sulph.,  grs.  ... 

.  — 

— 

— 

— 

— 

— 

— 

Days  . 

.  8 

9 

10 

1 1 

12 

'3 

14 

As.  parasites 

.  — 

— 

— 

— 

— 

— 

— 

Crescents 

.  94 

200 

*o  7 

125 

152 

97 

140 

Maximum  temp. 

.  — 

— 

— 

— 

— 

— 

— 

Total  leucocytes 

.  78 

128 

‘07 

1 12 

93 

106 

100 

Q.  sulph.,  grs.  ... 

.  — 

— 

— 

20 

20 

10 

10 

Days  . 

.  '5 

16 

'7 

18 

19 

20 

21 

As.  parasites  «... 

.  — 

— 

— 

— 

— 

— 

— 

Crescents 

.  86 

60 

47 

65 

44 

5' 

32 

Maximum  temp. 

.  — 

— 

— 

— 

— 

— 

— 

Total  leucocytes 

.  122 

100  • 

93 

131 

'34 

'37 

— 

Q.  sulph.,  grs.  ... 

.  30 

3° 

et  ser/. 

— 

— 

— 

— 

Days  . 

.  22 

23 

24 

25 

26 

— 

— 

As.  parasites 

.  — 

— 

— 

— 

— 

— 

— 

Crescents 

.  8 

TO 

20 

10 

6 

— 

— 

Maximum  temp. 

.  — 

— 

— 

— 

— 

— 

— 

Total  leucocytes 

.  — 

— 

— 

— 

— 

— 

— 

Q-  sulph.,  grs.  ... 

.  — 

— 

— 

— 

— 

— 

— 

Case  17.— R.  fi., 

seaman,  19;  Congo;  49 

days 

March, 

134  lbs. 

Days  . 

.  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

.  5’25° 

380 

2,837 

336 

288 

184 

60 

Crescents 

.  0 

_ 

_ 

— 

— 

— 

— 

Maximum  temp. 

.  70 

70 

40 

34 

28 

26 

22 

Q-  hydrochloride 

...  ...  _ 

_ 

_ 

— 

— 

— 

— 

Total  leucocytes 

.  3* 

25 

— 

— 

25 

— 

— 

Hh.  Tal.,  percentage 

.  70 

60 

65 

70 

75 

.  75 

75 

Ur-  “fob.,  mgs.  ... 

.  33 

69 

90 

51 

190 

43 

43 

Faec-  urob.,  mgs. 

...  ...  _ 

— 

0 

1,140 

— 

— 

— 

Case  17 — continued 

Days 

8 

As.  parasites 

... 

36 

Crescents 

... 

— 

Maximum  temp. 

... 

20 

Q.  hydrochloride 

... 

— 

Total  leucocytes 

... 

— 

Hb.  Tab,  percentage  ... 

75 

Ur.  tirob.,  mgs.  ... 

... 

64 

Faec.  urob.,  mgs. 

... 

— 

Days 

... 

>5 

As.  parasites 

... 

0 

Crescents 

... 

— 

Maximum  temp. 

... 

18 

Q.  hydrochloride 

— 

Total  leucocytes 

68 

Hb.  Tab,  percentage  ... 

80 

Ur.  urob.,  mgs.  ... 

... 

76 

Faec.  urob.,  mgs. 

_ 

292 


9 

10 

n 

12 

'3 

•4 

55 

12 

*>75° 

w 

1  ? 

0 

1 

22 

32 

20 

44 

30 

24 

80 

80 

26 

75 

7° 

75 

3c 

75 

70 

29 

183 

25 

11 

— 

— 

— 

— 

453 

- 

16 

17 

18 

19 

20 

21 

12 

0 

0 

28 

6o 

2J25 

20 

20 

18 

22 

20 

54 

— 

— 

— 

- 

- 

10 

— 

— 

— 

68 

- 

- 

80 

80 

85 

85 

85 

85 

68 

76 

*9 

25 

72 

150 

_ 

_ 

_ 

_ _ 

— 

280 

Days  . 

22 

23 

24 

25 

26 

27 

28 

As.  parasites 

... 

1,250 

0 

8 

0 

0 

0 

0 

Crescents  . 

_ 

_ 

_ 

— 

- 

Maximum  temp. 

5° 

3o 

20 

22 

18 

16 

22 

Q-  hydrochloride 

10 

_ 

_ 

_ 

_ 

10 

3° 

F otal  leucocytes 

40 

_ 

_ 

_ 

_ 

— 

- 

Hb.  Tab,  percentage  ... 

80 

75 

80 

— 

85 

- 

9' 

Ur.  urob.,  mgs . 

... 

2°3 

68 

44 

42 

7° 

70 

- 

Faec.  urob.,  mgs. 

_ 

_ _ 

- 

Case  17— continued 


Days  . 

... 

29 

As.  parasites  . 

0 

Crescents 

— 

Maximum  temp. 

18 

Q.  hydrochloride 

30 

Total  leucocytes 

•25 

Hb.  TaL,  percentage  ... 

— 

Ur.  urob.,  mgs.  ... 

— 

Faec.  urob.,  mgs. 

... 

— 

Days  . 

36 

As.  parasites 

... 

— 

Crescents 

0 

Maximum  temp. 

26 

Q.  hydrochloride 

— 

Total  leucocytes 

— 

Hb.  TaL,  percentage  ... 

90 

Ur.  urob.,  mgs . 

— 

Faec.  urob.,  mgs. 

... 

— 

Case  18.— A.  C.,  steward,  29 

Congo 

Days  . 

... 

1 

As.  parasites  . 

... 

32 

Crescents  . 

... 

32 

Maximum  temp. 

32 

Q.  hydrochloride 

... 

— 

Cr.  urob.,  mgs.  ... 

... 

— 

Days  . 

8 

As.  parasites  . 

— 

Crescents 

— 

Maximum  temp. 

20 

Q-  hydrochloride 

— 

Cr.  urob.,  mgs . 

... 

33 

3i 

32 

33 

34 

35 

— 

— 

— 

— 

— 

— 

0 

— 

12 

— 

16 

18 

18 

28 

22 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

85 

— 

90 

— 

0 

— 

— 

— 

— 

— 

— 

— 

— 

— 

38 

39 

40 

— 

— 

— 

— 

— 

— 

— 

— 

12 

— 

— 

— 

28 

26 

24 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

90 

— 

90 

— 

— 

— 

— 

— 

— 

— 

March, 

100  lbs. 

3 

4 

5 

6 

7 

0 

— 

24 

— 

128 

1 5 

— 

24 

— 

36 

3° 

32 

26 

20 

26 

1 16 

47 

81 

54 

38 

10 

11 

12 

i3 

14 

— 

80 

64 

— 

388 

— 

68 

S2 

— 

52 

28 

24 

20 

10 

10 

»5 

10 

— 

— 

— 

^93 

3° 

o 

*5 

22 

el  seq. 

90 

45 

37 

3° 

i  77  days 

2 

32 

9 

26 

28 

28 

7 


Case  1 8 — continued 


294 


Days 

.  *5 

16 

*7 

18 

*9 

10 

21 

As.  parasites 

.  — 

1,860 

20 

744 

60 

0 

0 

Crescents  __ 

... 

7Z 

32 

ib 

24 

20 

84 

Maximum  temp. 

.  20 

38 

38 

26 

16 

20 

18 

Q.  hydrochloride 

.  — 

— 

5 

5 

5 

5 

5 

Ur.  urob..  me-s.  ... 

30 

32 

12 

Days  . 

.  22 

23 

24 

25 

26 

27 

28 

As.  parasites 

••  ...  16 

0 

0 

0 

0 

0 

0 

Crescents 

• 

92 

ISO 

128 

196 

228 

264 

212 

Maximum  temp. 

18 

26 

22 

26 

16 

26 

4 

Q.  hydrochloride 

5 

5 

S 

5 

5 

5 

5 

Ur.  urob.,  mgs . 

...  10 

0 

0 

— 

0 

- 

20 

Days 

... 

29 

3° 

3' 

32 

33 

34 

35 

As.  parasites 

... 

30 

32 

0 

0 

— 

Crescents 

270 

286 

'38 

208 

•36 

128 

100 

Maximum  temp. 

24 

84 

3° 

22 

30 

32 

3° 

Q.  hydrochloride 

5 

10 

3° 

30  et 

seg. 

— 

Ur.  urob.,  mgs.  ... 

0 

0 

_ 

As.  parasites 

36 

37 

38 

39 

40 

41 

42 

— 

_ 

Crescents 

50 

5° 

48 

16 

_ 

Maximum  temp. 

...  20 

42 

22 

24 

_ 

— 

Q-  hydrochloride 

Ur.  urob.,  mgs. 

...  _ 

_ _ 

Days 

.  43 

As.  parasites 


D-  hydrochloride 


295 


Case  19. — H.  R. 

sailor, 

20;  Niger; 

40  d ays ; 

March, 

1 10  lb6. 

Davs  . 

...  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

... 

—  3.3 IO 

2.543 

184 

0 

4 

8 

0 

Crescents 

...  None 

— 

— 

— 

— 

— 

— 

Maximum  temp. 

76 

75 

32 

32 

22 

16 

20 

Q.  hydrochloride 

— 

20 

— 

— 

— 

— 

— 

Total  leucocytes 

37 

3i 

— 

— 

— 

5' 

— 

Hb.  TaL.  percentage 

...  60 

5° 

65 

70 

7° 

75 

80 

Ur.  urob.,  mgs.  ... 

67 

0 

132 

'44 

•7° 

”5 

39 

Days  . 

... 

8 

9 

10 

1 1 

12 

13 

'4 

As.  parasites 

... 

...  0 

0 

0 

0 

24 

0 

140 

Crescents 

- 

— 

— 

— 

— 

— 

— 

Maximum  temp. 

... 

28 

24 

24 

32 

24 

42 

32 

Q.  hydrochloride 

... 

— 

— 

— 

— 

— 

— 

— 

Total  leucocytes 

... 

— 

.  — 

— 

94 

— 

— 

— 

Hb.  Tal.,  percentage 

... 

80 

80 

85 

85 

80 

80 

85 

Ur.  urob.,  mgs.  ... 

108 

1 16 

3« 

40 

42 

0 

38 

Days  . 

... 

15 

16 

■7 

18 

•9 

20 

21 

As.  parasites 

...  200 

— 

0 

— 

0 

— 

0 

Crescents 

— 

— 

— 

— 

— 

— 

— 

Maximum  temp. 

... 

54 

36 

26 

20 

20 

22 

18 

Q.  hydrochloride 

...  10 

3° 

3° 

et  scq. 

— 

— 

— 

Total  leucocytes 

— 

— 

128 

— 

— 

— 

— 

Hb.  Tal.,  percentage 

80 

7° 

80 

— 

80 

— 

80 

Ur.  urob.,  mgs. 

... 

— 

116 

3° 

13 

0 

— 

Case  20. — F.  B., 

steward 

24;  Niger 

;  40  days 

March, 

129  lbs. 

Days  . 

...  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

...  4,172 

580 

22 

20 

4 

0 

0 

Crescents 

...  0 

O 

0 

0 

0 

4 

12 

Maximum  temp. 

90 

56 

7° 

40 

24 

22 

20 

Q-  hydrochloride 

...  10 

0 

20 

— 

— 

— 

— 

Total  leucocytes 

• 

— 

— 

— 

37 

— 

— 

60 

Hb.  Tal.,  percentage 

...  60 

55 

60 

75 

75 

80 

75 

Ur-  urob.,  mgs. 

...  0 

273 

182 

162 

81 

54 

29 

296 

Case  20 — continued 


Days  . 

8 

9 

10 

11 

12 

'3 

■4 

As.  parasites 

...  0 

0 

12 

0 

0 

— 

— 

Crescents 

8 

16 

12 

— 

0 

— 

- 

Maximum  temp. 

26 

28 

24 

24 

26 

20 

26 

Q.  hydrochloride 

— 

— 

— 

— 

— 

— 

- 

Total  leucocytes 

— 

— 

100 

— 

— 

— 

- 

Hb.  Tal.,  percentage  ... 

80 

80 

80 

— 

85 

80 

- 

Ur.  urob.,  mgs. 

32 

40 

26 

0 

0 

70 

70 

Days  . 

15 

16 

*7 

18 

'9 

20 

2! 

As.  parasites  . 

32 

— 

200 

— 

2,698 

4,000 

3.75° 

Crescents  . 

...  0 

— 

4 

— 

0 

0 

4 

Maximum  temp. 

22 

22 

26 

46 

74 

7° 

76 

Q.  hydrochloride 

— 

— 

— 

— 

_ 

10 

3° 

l'otal  leucocytes 

150 

— 

— 

— 

90 

46 

- 

Hb.  Tal.,  percentage  ... 

85 

_ 

80 

_ 

83 

83 

S. 

Ur.  urob.,  mgs. 

— 

0 

— 

8 

72 

per  cent. 
107  81 

Days  ...  •  . 

...  22 

23 

24 

25 

26 

27 

28 

As.  parasites  . 

...  1,560 

104 

0 

— 

0 

— 

320 

Crescents  . 

...  0 

0 

0 

— 

32 

— 

8S 

Maximum  temp. 

38 

32 

24 

24 

26 

24 

16 

Q.  hydrochloride 

30 

3° 

30 

30 

3° 

30 

3° 

Total  leucocytes 

42 

35 

35 

— 

— 

- 

- 

Hb.  Tal.,  percentage  ... 

55 

60 

70 

_ 

80 

— 

80 

Ur.  urob.,  mgs. 

Days  . 

29 

29 

7 

10 

23 

21 

0 

8 

35 

30 

3i 

32 

33 

34 

As.  parasites 

— 

0 

_ 

0 

_ 

0 

- 

Crescents 

— 

68 

_ 

56 

8 

- 

Maximum  temp. 

••  20 

24 

18 

24 

24 

20 

20 

Q-  hydrochloride 

30 

3° 

3° 

3° 

20 

20 

20 

1'otal  leucocytes 

210 

*7° 

300 

— 

Hb.  Tal.,  percentage  ... 

Hr.  urob..  mgs. 

n 

80 

— 

85 

- 

90 

- 

29  7 


Case  20— continued 


Days  . 

36 

37 

— 

— 

— 

— 

.4s.  parasites  . 

— 

0 

— 

— 

— 

— 

— 

Crescents  . 

— 

36 

— 

— 

— 

— 

— 

Maximum  temp. 

...  20 

24 

— 

— 

— 

— 

— 

Q.  hydrochloride 

...  20 

20 

— 

— 

— 

— 

— 

Total  leucocytes 

— 

264 

— 

— 

— 

— 

— 

Hb.  TaL,  percentage  ... 

— 

90 

— 

— 

— 

— 

— 

Ur.  urob.,  mgs. 

...  — 

— 

— 

— 

Case  2i.—' W.  T.,  seaman,  50;  Niger 

Days  .  1 

28  days 

2 

April, 

3 

58  lbs. 

4 

5 

6 

7 

As.  parasites  . 

...  36,000 

25>3°° 

16.000 

280 

0 

0 

300 

Crescents  . 

...  0 

0 

0 

28 

28 

24 

24 

Maximum  temp. 

...  61 

58 

S2 

32 

20 

20 

24 

Q.  bihydrochloridc 

— 

— 

20 

3° 

30 

3° 

— 

Total  leucocytes 

— 

25 

— 

43 

— 

— 

— 

Ur.  urob.  mgs.  ... 

— 

10 

48 

1,300 

273 

54 

40 

Faec.  urob.,  mgs. 

— 

— 

0 

0 

30 

4,100 

F 

Days  . 

8 

9 

10 

1 1 

12 

13 

'4 

As.  parasites  . 

— 

0 

— 

0 

— 

0 

— 

Crescents  . 

— 

16 

— 

4 

— 

8 

— 

Maximum  temp. 

24 

34 

26 

26 

22 

26 

24 

Q.  bihydrochloridc 

— 

— 

— 

— 

16 

20 

20 

Total  leucocytes 

- 

55 

— 

34 

— 

54 

— 

Ur.  urob.,  mgs . 

39 

<9 

— 

— 

10 

— 

— 

Faec.  urob.,  mgs. 

...  0 

333 

— 

— 

— 

— 

Days  . 

15 

t6 

>7 

18 

19 

20 

— 

As.  parasites  . 

— 

— 

0 

— 

— 

0 

— 

Crescents  . 

— 

— 

4 

— 

— 

0 

— 

Maximum  temp. 

...  16 

3° 

24 

28 

22 

24 

— 

Q-  bihydrochloride 

...  20 

20 

10 

10 

10 

10 

— 

1  otal  leucocytes 

— 

— 

75 

— 

— 

119 

— 

Dr.  urob.,  mgs . 

— 

— 

— 

— 

— 

— 

— 

Faec.  urob.,  mgs. 

_ 

— 

— 

— 

1 53 

— 

— 

Case  22. — C.  G.,  sailor, 

30;  Niger 

Days  . 

•  ••  1 

As.  parasites 

...  7,920 

Crescents 

24 

Maximum  temp. 

64 

Q.  bihydrochloridc 

— 

Total  leucocytes 

..  — 

Hb.  Tal.,  percentage  ... 

— 

Ur.  urob.,  mgs.  ... 

..  0 

Faec.  urob.,  mgs. 

••  H73° 

Days 

8 

As.  parasites 

0 

Crescents 

1,128 

Maximum  temp. 

24 

Q.  bihydrochloridc 

3° 

Total  leucocytes 

80 

Hb.  Tal.,  percentage  ... 

_ 

Ur.  urob.,  mgs.  ... 

45 

Faec.  urob.,  mgs. 

? 

Days  . 

15 

As.  parasites 

0 

Crescents 

856 

Maximum  temp. 

10 

Q.  bihydrochloridc 

3° 

I  otal  leucocytes 

100 

Hb.  1'al.,  percentage  ... 

75 

Ur.  urob.,  mgs.  ... 

23 

Faec.  urob.,  mgs. 

220  4 

29  8 

;  4°  days  ;  April. 


2 

3 

4 

5 

6 

7 

— 

20,250 

44,800 

920 

30 

5° 

— 

32 

56 

224 

584 

82 

76 

70 

36 

18 

2$ 

IO 

3o 

30 

3o 

3° 

3= 

— 

— 

'3° 

200 

80 

5° 

85 

80 

82 

80 

80 

N 

O 

1,50° 

0 

5° 

70 

14 

780 

0 

1,670 

0 

? 

1 16 

9 

10 

11 

12 

•3 

14 

0 

0 

? 

i 

0 

) 

,180 

1,384 

1,288 

1,240 

948 

892 

24 

>8 

26 

•4 

24 

iS 

30 

3° 

3o 

3° 

3° 

3s 

5° 

70 

75 

60 

60 

40 

75 

77 

75 

73 

65 

7° 

95 

100 

120 

■4 

9 

7 

0 

0 

0 

120 

0 

560 

16 

*7 

18 

*9 

20 

21 

0 

0 

0 

0 

- 

— 

824 

612 

336 

508 

264 

132 

16 

26 

24 

3° 

3° 

10 

3° 

3° 

10 

10 

20 

— 

78 

60 

1  So 

90 

140 

92 

80 

85 

— 

85 

- 

85 

38  18  o  12 

38*>  1 13  o  ?  ° 


0 


2  99 


Case  22 — continued 

Days  . 

22 

23 

24 

25 

26 

27 

28 

As.  parasites  . 

— 

— 

0 

— 

— 

— 

— 

Crescents  . 

I90 

120 

100 

40 

.32 

— 

20 

Maximum  temp. 

IO 

16 

14 

22 

20 

10 

10 

Q.  bihydrochloride  . 

— 

— 

— 

— 

— 

— 

10 

Total  leucocytes  . 

150 

”5 

•35 

106 

70 

— 

78 

Hb.  Tal.,  percentage  . 

— 

80 

— 

80 

80 

75 

78 

Ur.  urob.,  mgs.  ... 

— 

— 

— 

33 

27 

52 

38 

Faec.  urob.,  mgs.  . 

— 

— 

— 

0 

0 

720 

373 

Days  . 

29 

3° 

3* 

32 

33 

34 

— 

As.  parasites  . 

— 

— 

— 

— 

— 

— 

— 

Crescents  . 

— 

4 

— 

0 

— 

— 

Maximum  temp. 

20 

10 

>4 

10 

— 

— 

— 

Q.  bihydrochloride 

IO 

10 

10 

10 

— 

— 

— 

Total  leucocytes  . 

— 

100 

— 

160 

— 

— 

— 

Hb.  Tal.,  percentage  . 

84 

85 

82 

82 

— 

— 

— 

Ur.  urob.,  mgs . 

IO 

0 

— 

— 

— 

— 

— 

Faec.  urob.,  mgs.  . 

O 

0 

? 

0 

0 

10 

— 

Case.  23 — T.  C.,  sailor,  17 

Days  . 

Niger ; 

1 

21  days ; 

2 

April,  no 

3 

lbs. 

4 

5 

6 

7 

As.  parasites  . 

24,000 

5,520 

1,700 

500 

1,200 

160 

— 

Crescents  . 

— 

— 

— 

— 

— 

160 

— 

-Maximum  temp.  . 

98 

90 

.32 

30 

28 

'4 

r4 

Q-  bihydrochloridc  . 

20 

— 

— 

— 

— 

— 

— 

Total  leucocytes  . 

52 

— 

— 

— 

3° 

— 

— 

Hb.  Tal.,  percentage . 

85 

80 

80 

80 

80 

85 

— 

Days  . 

8 

9 

10 

11 

12 

'3 

14 

A*,  parasites  . 

28,500 

22,600 

1,600 

34° 

0 

0 

0 

Crescents 

608 

635 

720 

780 

552 

368 

432 

Maximum  temp. 

86 

100 

86 

3° 

32 

20 

20 

Q-  bihydrochloride  . 

tannatc 

10 

20 

3o 

3° 

3° 

30 

Total  leucocytes 

— 

48 

— 

— 

40 

S2 

— 

Hb'  'Tal-,  percentage  . 

75 

75 

75 

73 

65 

70 

— 

T 

300 


Case  23 — continued 


Days 

15 

16 

'7 

18 

>9 

20 

21 

As.  parasites 

...  0 

0 

0 

0 

- 

4S0 

- 

Crescents 

5°° 

464 

468 

468 

- 

344 

- 

Maximum  temp. 

28 

20 

3  2 

20 

30 

2S 

'A 

Q.  bihydrochloride 

30 

3° 

20 

- 

- 

- 

- 

Total  leucocytes 

— 

102 

— 

— 

- 

- 

- 

Hb.  Tal.,  percentage  ... 

8c 

*5 

85 

85 

— 

85 

- 

Days  . 

...  22 

23 

24 

25 

26 

27 

28 

As.  parasites 

20 

— 

10.948 

1 1,360 

1,600 

'>584 

1,002 

Crescents  . 

...  160 

— 

152 

20 

24 

20 

S 

Maximum  temp. 

28 

30 

86 

90 

54 

22 

12 

Q.  bihydrochloride 

— 

— 

— 

3° 

3° 

etseq. 

- 

Total  leucocytes 

— 

— 

62 

60 

34 

33 

3° 

Hb.  Tab.  percentage  ... 

80 

— 

80 

80 

75 

80 

8j 

Days  . 

29 

30 

3' 

32 

33 

34 

35 

As.  parasites 

...  0 

0 

0 

0 

100 

0 

0 

Crescents 

8 

4 

20 

24 

16 

4 

4 

Maximum  temp. 

20 

20 

32 

32 

20 

24 

36 

Q.  bihydrochloride 

— 

_ 

_ 

_ 

— 

- 

- 

Total  leucocytes 

— 

48 

80 

«3o 

98 

no 

S3 

Hb.  Tab.  percentage  ... 

85 

82 

82 

85 

85 

85 

85 

Days  . 

36 

37 

_ _ 

— 

- 

As.  parasites  . 

— 

0 

_ 

_ 

— 

- 

— 

Crescents  . 

_ 

0 

_ 

- 

Maximum  temp. 

30 

20 

_ 

_ 

— 

- 

Q.  bihydrochloride 

— 

_ 

_ 

_ 

_ 

- 

- 

I  otal  leucocytes 

— 

65 

_ 

_ 

— 

- 

- 

,lh-  Tab,  percentage  ... 

— 

90 

_ 

_ 

— 

- 

- 

3°  i 


Case  24- — J-  K-.  steward.  29 
Days  . 

;  Niger 

1 

28  days ; 

2 

April, 

3 

126  lbs. 

4 

5 

6 

7 

As.  parasites 

5,190 

900 

t,ooo 

450 

900 

720 

25,000 

Crescents 

0 

0 

20 

16 

88 

168 

540 

Maximum  temp. 

. 

52 

38 

26 

32 

24 

52 

24 

Q.  hydrochloride 

— 

— 

— 

— 

— 

— 

10 

Soamine.  grs. 

. 

— 

— 

— 

— 

— 

— 

— 

Total  leucocytes 

. 

— 

— 

— 

— 

60 

80 

58 

Hb.  TaL,  percentage 

. 

80 

80 

80 

75 

72 

80 

75 

Ur.  urob..  mgs.  ... 

. 

.  — 

48 

24 

1 1 

20 

to 

0 

Davs 

. 

8 

.  9 

IO 

1 1 

12 

13 

•4 

As.  parasites 

. 

1.000 

9,500 

3>9°° 

600 

— 

— 

— 

Crescents 

672 

348 

548 

500 

532 

564 

636 

Maximum  temp. 

. 

80 

60 

3° 

36 

34 

34 

32 

Q.  hydrochloride 

. 

— 

— 

to 

— 

— 

— 

— 

Soamine.  grs. 

10 

— 

8 

— 

— 

8 

— 

Total  leucocytes 

36 

45 

70 

5° 

70 

140 

160 

Hb.  Tal.,  percentage 

• 

70 

75 

75 

70 

75 

80 

80 

Ur.  urob.,  mgs.  ... 

. 

0 

— 

— 

— 

— 

— 

Days  . 

■5 

16 

>7 

18 

>9 

20 

21 

As.  parasites 

0 

0 

200 

2,800 

1,600 

8,300 

15,000 

Crescents 

784 

572 

520 

630 

496 

367 

212 

Maximum  temp. 

. 

24 

26 

38 

40 

44 

54 

54 

Q.  hydrochloride 

— 

— 

— 

— 

— 

to 

30 

Soamine.  grs. 

. 

— 

— 

5 

— 

5 

— 

— 

Total  leucocytes 

... 

75 

>38 

70 

45 

70 

68 

Go 

Hb.  Tal.,  percentage 

. 

80 

82 

82 

82 

75 

75 

80 

Ur.  urob.,  mgs.  ... 

(faecal) 

140 

— 

— 

(faecal) 

80 

Days  . 

22 

23 

24 

25 

26 

27 

28 

As.  parasites 

5,600 

200 

1,000 

1,100 

0 

0 

0 

Crescents 

...  ... 

200 

188 

•32 

108 

92 

128 

68 

Maximum  temp. 

... 

54 

32 

20 

34 

32 

3° 

24 

Q-  hydrochloride 

30 

el  seq. 

— 

— 

— 

— 

Soamine,  grs.  ... 

0 

0 

— 

— 

— 

— 

— 

1  otal  leucocytes 

35 

55 

42 

36 

78 

5  6 

120 

'lh.  Tal..  percentage 

... 

80 

82 

82 

80 

82 

So 

85 

h  r.  urob.,  mgs.  ... 

. 

— 

— 

— 

— 

— 

— 

302 

Case  24 — continued 


Days  . 

.  29 

30 

3* 

32 

33 

34 

35 

As.  parasites 

.  — 

0 

— 

0 

— 

0 

_ 

Crescents 

.  — 

28 

— 

40 

— 

16 

_ 

Maximum  temp. 

.  3° 

30 

24 

32 

18 

22 

26 

Q.  hydrochloride 

.  — 

— 

— 

— 

— 

— 

- 

Soamine,  grs 

.  — 

— 

— 

— 

— 

— 

- 

Total  leucocytes 

.  — 

90 

— 

200 

— 

160 

- 

Hb.  Tal.,  percentage 

.  — 

8S 

— 

85 

— 

85 

- 

Ur.  urob.,  mgs.  ... 

— 

— 

— 

— 

— 

- 

- 

Days  . 

.  36 

37 

38 

39 

— 

- 

- 

As.  parasites 

.  0 

— 

0 

0 

— 

— 

- 

Crescents 

.  12 

— 

8 

0 

_ 

— 

- 

Maximum  temp. 

.  3° 

26 

22 

26 

— 

— 

- 

Q.  hydrochloride 

.  — 

— 

_ 

_ 

_ 

— 

- 

Soamine,  grs. 

.  — 

— 

_ 

_ 

_ 

— 

- 

Total  leucocytes 

.  "5 

— 

200 

<95 

— 

— 

- 

Hb.  Tal.,  percentage 

.  — 

— 

90 

9° 

_ 

— 

- 

Ur.  urob.,  mgs.  ... 

.  — 

— 

— 

— 

— 

- 

- 

Case  25.— K.  K., 

Days 

sailor,  20 ;  Gambia  ; 

•••  ...  1 

20  days ; 

2 

April,  154  lbs. 

3  4 

5 

6 

7 

As.  parasites 

.  3,ooo 

4,000 

3,956 

14,076 

•3,392 

18,000 

2,100 

Crescents 

•••  ...  0 

0 

0 

0 

0 

0 

0 

Maximum  temp. 

86 

88 

70 

98 

74 

74 

28 

Q.  bihydrochloride 

— 

— 

_ 

10 

20 

3° 

3° 

Ur.  urob.,  mgs. 

76 

30 

10 

_ 

_ 

— 

- 

haec.  urob.,  mgs. 

.  120 

— 

_ 

_ 

_ 

— 

5°9 

Days 

.  8 

9 

10 

1 1 

12 

•3 

•4 

As.  parasites 

...  2,304 

684  2 

,200 

T,  I  20 

672 

400 

0 

Crescents 

••  ...  0 

0 

0 

O 

0 

0 

0 

Maximum  temp. 

36 

30 

32 

2S 

26 

26 

22 

Q-  bihydrochloridc 

•  ...  et  seq. 

_ 

_ 

— 

- 

Ur.  urob.,  mgs. 

•  ...  — 

_ 

_ 

- 

urob.,  mgs. 

...  _ 

_ 

_ 

- 

I 


■ 
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Days 


Case  26.— A.  M.,  sailor,  44;  Niger;  20  days';  May,  168  lbs. 


Case  27.— S.  I\,  trader,  30 ; 
Days  . 

As.  parasites 

Crescents 

Maximum  temp. 

Q-  hydrochloride 

Total  leucocytes 

Uh.  1  al.,  percentage 


As.  parasites 

9,700 

3.5°° 

2,500 

f 

> 

80 

— 

Crescents 

0 

el  seq. 

— 

— 

— 

— 

— 

Maximum  temp. 

56 

24 

•4 

20 

26 

24 

30 

Q.  hydrochloride 

— 

— 

— 

— 

— 

— 

10 

Total  leucocytes 

... 

66 

82 

60 

90 

130 

120 

124 

Hb.  Tal,  percentage 

80 

80 

80 

85 

90 

90 

90 

Ur.  urob.,  mgs.  ... 

22 

18 

•9 

26 

«5 

10 

0 

Days  . 

8 

9 

10 

1 1 

12 

■3 

14 

As.  parasites 

400 

2,000 

300 

0 

0 

0 

0 

Crescents . 

•• 

.  — 

— 

— 

— 

— 

•  — 

— 

Maximum  temp. 

22 

46 

3S 

24 

12 

20 

34 

Q.  hydrochloride 

30 

el  seq. 

— 

— 

— 

— 

— 

Total  leucocytes 

160 

*55 

176 

168 

>5° 

120 

— 

Hb.  Tal.,  percentage 

90 

80 

88 

88 

84 

90 

— 

Ur.  urob..  mgs.  ... 

10 

— 

— 

— 

— 

— 

Days  . 

'5 

16 

■7 

18 

— 

— 

— 

As.  parasites 

0 

0 

— 

0 

— 

— 

— 

Crescents 

— 

— 

— 

— 

— 

— 

— 

Maximum  temp. 

... 

16 

10 

20 

24 

— 

— 

— 

Q.  hydrochloride 

... 

— 

— 

— 

— 

— 

— 

Total  leucocytes 

200 

— 

178 

— 

— 

— 

— 

Hb.  Tal.,  percentage 

90 

— 

90 

— 

— 

— 

— 

Ur.  urob.,  mgs.  ... 

— 

— 

— 

— 

— 

— 

— 

W.  Africa;  Old  Blackxvater;  May,  ? 

1  2  3  4  5 

1,104  -  “  -  r>°56 

8  —  —  —  0 

—  patient  absent  *4 

o  el  seq.  — 

—  60 

200  —  — 

80  -  -  -  7° 


6 

600 

4 

12 

120 

70 


7 

400 

o 

3° 

ii3 

75 


3<M 


Case  28. — J.  1).,  negro  fireman,  25  (?';  ;  Sierra  Leone 

;  Niger; 

42  days; 

June.  1 

51  lbs. 

Days  . 

...  r  23 

4 

5 

6 

7 

As.  parasites 

...  3,040  700  40 

'36 

20 

- 

4 

Crescents  . 

...  0  else//.  — 

— 

— 

— 

- 

Maximum  temp. 

24  38  30 

32 

18 

3° 

A 

Q.  hydrochloride 

...  —  —  — 

— 

10 

30 

V 

Total  leucocytes 

45  50  7° 

80 

80 

- 

80 

Hb.  Tal.,  percentage  ... 

-  85  85 

90 

8> 

- 

¥ 

Ur.  urob.,  mgs . 

49  54  0 

— 

— 

- 

- 

I'aec.  urob.,  mgs. 

—  1,130 

— 

- 

- 

- 

Days 

8  —  — 

— 

— 

- 

- 

As.  parasites 

...  0  —  — 

— 

— 

- 

- 

Crescents 

...  —  —  _ 

_ 

— 

— 

- 

Maximum  temp. 

24 

— 

— 

- 

- 

Q.  hydrochloride 

...  20 

— 

— 

- 

- 

Total  leucocytes 

120 

— 

— 

- 

- 

lib.  Tal.,  percentage  ... 

90 

— 

— 

- 

- 

Ur.  urob.,  mgs.  ... 

—  —  — 

— 

— 

- 

- 

Face,  urob.,  mgs. 

— 

- 

- 

- 

Case  29. — M.  S.,  fireman 
Days  . 

,  38  ;  Niger;  70  days;  June,  149  lbs. 

1234 

5 

6 

7 

As.  parasites 

5,300  6,500  3,800 

0 

0 

0 

0 

Crescents 

0  4  4 

0 

0 

4 

0 

Maximum  temp. 

8 3  69  32 

32 

32 

32 

29 

Q.  hydrochloride 

—  20  30 

et  seq. 

— 

— 

- 

Pol.  leucocytes  ... 

21  21  22 

>5 

20 

28 

4' 

Mon.  leucocytes 

12  35  64 

18 

45 

43 

103 

Hb.  Sal.,  percentage 

60  55  65 

65 

60 

60 

65 

Days  . 

8  9  to 

_ 

_ 

— 

As.  parasites  . 

000 

_ 

_ 

— 

- 

Crescents 

•  000 

_ 

— 

— 

- 

Maximum  temp. 

32  32  25 

_ 

_ 

— 

Q-  hydrochloride 

-  _  _ 

_ 

— 

- 

Pol.  leucocytes  ... 

78  45  20 

_ 

— 

Mon.  leucocytes... 

1 28  45  30 

_ 

_ 

— 

Hb.  Sal.,  percentage 

7°  65  70 

- 

305 


Case  30.— J.  W., 

sailor,  53  ;  Niger  ; 

r  5  days ; 

June,  133  lbs. 

Days  . 

...  ...  1 

2 

3 

4 

5 

6 

7 

As.  parasites 

.  4,ooo 

2,800 

3 

8 

5° 

5° 

12 

Crescents 

.  0 

0 

0 

0 

0 

20 

80 

Maximum  temp. 

.  79 

54 

22 

32 

16 

18 

18 

Q.  hydrochloride 

.  20 

0 

et  seq. 

— 

— 

— 

— 

Pol.  leucocytes  ... 

.  23 

22 

28 

29 

22 

70 

48 

Mon.  leucocytes... 

.  15. 

85 

62 

62 

3° 

70 

56 

Days  . 

.  8 

9 

10 

1 1 

12 

13 

H 

.As.  parasites 

.  20 

0 

0 

0 

? 

0 

0 

Crescents 

.  120 

152 

120 

n6 

88 

80 

72 

Maximum  temp. 

.  22 

22 

25 

22 

29 

34 

29 

Q.  hydrochloride 

.  — 

— 

— 

— 

— 

— 

Pol.  leucocytes  ... 

.  78 

35 

35 

72 

42 

82 

90 

Mon.  leucocytes 

.  123 

60 

28 

52 

5° 

78 

63 

Days  . 

>5 

16 

— 

— 

— 

— 

- 

As.  parasites 

.  0 

0 

— 

— 

— 

Crescents 

.  68 

56 

— 

— 

— 

Maximum  temp. 

.  32 

25 

— 

— 

— 

Q.  hydrochloride 

.  20 

20 

— 

— 

— 

Pol.  leucocytes  ... 

.  142 

63 

— 

— 

— 

Mon.  leucocytes 

.  98 

73 

— 

— 

Case  31.— J.  R.. 

Days  . 

sailor,  20  ;  Niger  ; 

.  1 

90  days ; 

2 

June,  119 

3 

lbs. 

4 

5 

6 

7 

As.  parasites 

. 28,000 

14,000 

25,600 

16,800 

3,3°° 

1,200 

800 

Crescents 

.  0 

et  seq. 

— 

— 

— 

Maximum  temp. 

.  95 

108 

101 

87 

90 

54 

61 

Methylene  blue,  grs. 

.  — 

4 

et  set/. 

— 

— 

Pol  leucocytes  ... 

.  '5 

35 

25 

18 

18 

i5 

15 

Mon.  leucocytes 

.  5 

75 

25 

24 

20 

30 

3° 

Hb.  TaL,  percentage 

.  — 

80 

85 

80 

75 

80 

70 

Jo6 

Case  31 — continued 


Days  . 

8  i) 

10 

n 

12 

- 

- 

As.  parasites 

...  0  0 

0 

0 

0 

- 

- 

Crescents 

—  — 

— 

— 

- 

- 

- 

Maximum  temp. 

29  25 

32 

29 

32 

- 

- 

Methylene  blue,  grs.  ... 

...  —  — 

— 

— 

- 

- 

- 

Pol.  leucocytes  ... 

15  17 

20 

65 

92 

- 

- 

Mon.  leucocytes 

38  39 

36 

•35 

88 

- 

- 

Hb.  Tal.,  percentage  ... 

65  70 

75 

75 

75 

- 

- 

Case  32. — F.  H.,  sailor 

20  ;  W.  Africa  ;  150  da 

ys;  July 

1 50  lbs. 

Days 

...  1  2 

3 

4 

5 

6 

7 

As.  parasites 

...  60  20 

0 

0 

3°° 

150 

:cc 

Crescents 

244  100 

108 

52 

So 

104 

fc 

Maximum  temp. 

...  25  22 

25 

36 

29 

40 

22 

Q.  hydrochloride 

...  0  et  seq. 

— 

— 

- 

- 

- 

Pol.  leucocytes  ... 

16  28 

25 

62 

60 

3S 

65 

Mon.  leucocytes... 

...  25  20 

62 

>25 

102 

48 

i.P 

Case  33. —  Steward,  18; 

W.  Africa;  recently;  July,  140 

lbs. 

Days 

i  2 

3 

4 

5 

6 

- 

As.  parasites  . 

...  2,500  6,700 

5° 

— 

0 

0 

- 

Crescents 

•  •  0  et  seq. 

— 

— 

— 

- 

- 

Maximum  temp. 

i  Q.  hydrobromide 

108  61  87  69 

delirium  delirium  delirium  delirium 
••  16  10  10  — 

4° 

32 

30  tllH- 

Pol.  leucocytes  ... 

55  35 

28 

— 

35 

32 

- 

Mon.  leucocytes... 

68  40 

22 

— 

S2 

58 

- 

Hb.  Tal.,  percentage  ... 

105  95 

100 

— 

100 

95 

- 

3°7 


A  CASE  OF  BLACK  WAFER  FEVER 
FOLLOWED  BY  A  PECULIAR  RELAPSE 
WITHOUT  HAE  M  OGLOBIN  U  RI A 
OR  DETECTABLE  PLASMODIA 

BY 

Major  R.  ROSS,  F.R.S.,  D.  THOMSON,  M.B.,  Ch.B.,  D.P.H., 

AND 

G.  C.  E.  SIMPSON,  B.A.,  B.Sc.,  F.R.C.S. 

(. Received  for  publication  15  November,  1910) 

This  case  was  studied  under  the  conditions  and  by  the  methods 
referred  to  in  the  previous  paper,  and  is,  we  believe,  the  first 
case  of  blackwater  fever  which  has  occurred  while  daily  estimations 
of  the  numbers  of  Plasmodia  were  being  made  by  thick  film  methods. 
Though  there  is  much  evidence  to  connect  blackwater  fever  with 
malaria,  yet  many  authors  doubt  whether  the  typical  fever  generally 
associated  with  the  haemoglobinuria  is  due  entirely  or  at  all  to  the 
parasites  of  malaria.  Our  case  is  of  special  interest  because  it 
throws  considerable  light  on  this  question.  It  will  be  seen  from  the 
chart  that  the  case  had  three  separate  pyrexial  periods  while  under 
observation  ;  that  the  first  of  these  was  an  ordinary  malarial  attack  ; 
the  second  an  ordinary  blackwater  attack  (without  detectable 
parasites);  and  the  third  a  singular  attack  during  which  neither 
blackwater  nor  parasites  were  found — strongly  suggesting,  if  not 
proving,  that  the  later  attacks  were  due  to  some  cause  other  than  the 
toxin  of  the  Plasmodia,  and  that  haemoglobinuria  may  be  merely 
an  occasional  result  of  this  unknown  cause.  A  fourth  attack  occurred 
still  later  but,  unfortunately,  could  not  be  studied  by  us. 

The  patient,  A.  E.  B.,  male,  aged  32,  an  English  trader  on  the 
bold  Coast  since  1903,  stated  that  he  had  slight  fever  during  his 
first  year  in  West  Africa,  and  numerous  slight  or  severe  attacks 
since  then,  but  without  any  observed  blackwater  fever.  He  did  not 
take  much  quinine  until  more  recently,  when  (in  February,  1910)  he 
"as  S'ven  3°  grains  daily  for  a  fortnight,  without  its  producing 
blackwater.  He  was  admitted  to  the  Royal  Southern  Plospital, 


Liverpool,  on  the  2nd  June,  1910,  owing  to  the  continuance  of  sue! 
attacks.  His  weight  was  114  pounds  (52  kilograms);  he  looker! 
pale,  thin  and  anaemic  ;  his  liver  was  enlarged  half  an  inch  below 
the  costal  margin,  but  his  spleen,  though  enlarged,  was  scarce!; 
palpable. 

As  shown  on  the  chart,  on  the  day  of  admission  2,600  asexual 
forms  of  Plasmodium  falciparum  were  found  per  c.mm.  of  his  blood 
accompanied  by  the  usual  fever.  On  the  following  five  days  the 
same  parasites  numbered  80,  1,360,  880,  20,  and  12  per  cm, 
accompanied  by  fever  on  the  2nd,  3rd,  and  4th  days  after  admission 
Quinine  hydrochloride  (10  grains)  was  given  on  the  4th  day  and 
30  grains  daily  until  the  10th  day  inclusive.  No  parasites  were 
found  on  the  7th  and  8th  days,  and  no  fever  occurred  on  the  5th. 
<>th,  7th  and  8th  days.  On  the  71I1  and  8th  days  he  was  allowed 
out  of  hospital  for  a  few  hours  in  the  afternoon,  and  on  the  latter 
day  g°t  heated  with  exercise,  and  ate  ices. 

On  the  9th  clay/  he  was  attacked  with  high  fever  with  rigors.  On 
the  10th  day/  haemoglobinuria  commenced  and  the  quinine  was 
stopped.  Lire  attack  was  very  serious.  The  haemoglobinuria 
cleared  up  on  the  evening  of  the  11th  day,  but  the  fever  continued 
to  a  diminishing  degree  until  the  1  Sth  day/,  though  the  temperature 
occasionally  rose  slightly  above  normal  until  the  37th  day.  fl,ere 
was  then  a  break  for  tour  days,  on  the  last  of  which  he  was  again 
allowed  out  of  hospital.  On  the  42nd  day  another  severe  pyrexial 
period  commenced,  lasting  until  the  54th  day,  but  not  accompanied 
by  any  haemoglobinuria.  The  patient  now  improved  greatly  and 
was  discharged  on  the  63rd  day/;  but  returned  again  to  hospital  on 
the  70th  day  with  fever  (which,  however,  was  not  examined  by  us, 
but  no  blackwater.  I  he  parasites  were  carefully  searched  for  (6 
TT  1 .),  both  m  thick  and  thin  films,  on  forty  day’s  up  to  the  49th  da; 
°f  dle  c^sease’  after  which,  unfortunately,  the  examinations  could  n1 
be  continued.  On  not  a  single  occasion  since  the  6th  day  of  the 
disease  could  a  single  Plasmodium  be  found,  though  during  the  9th' 
IOth  and  IIth  days.  that  is,  during  the  blackwater  period,  the  blood 

was  examined  by  both  methods  four  times  daily.  No  crescents  'vere 
ever  seen. 

It  should  be  noted  that  the  haemoglobin  of  the  blood,  estimated 
^  ,v  ky  Sahli’s  haemoglobinometer,  began  to  fall  on  the  M- 
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day,  the  day  before  the  fever  of  the  9th  day  commenced,  and  fell  10 
percent,  daily  during  the  next  four  days — the  total  fall  being  from 
75  to  25  per  cent,  during  seven  days.  It  remained  at  the  latter 
figure  and  then  rose  by  about  5  per  cent,  daily  for  four  days,  and 
then  more  slowly.  A  slight  fall  interrupted  the  continuous  rise  on 
the  29th  day,  but  on  the  40th  day  the  haemoglobin  had  reached 
90  per  cent.  During  the  second  relapse,  occurring  on  the  42nd  day, 
it  underwent  a  total  fall  of  only  1 2  per  cent. 

The  red  cells  varied  as  follows:  — 


Days  .  II  12  '4  18  20  21  22  25  29 

Numbers  in  thousands  2,600  1,150  800  1,450  1,600  1,900  2,000  2,500  2,800 

Regarding  the  urobilin  (G.  C.  E.  S.),  there  was  only  a  very  slight 
rise  in  the  urinary  excretion,  reaching  a  maximum  of  63  mgms.  during 
the  first  febrile  period.  During  this  time  two  observations  of  the 
faecal  excretion  disclosed  a  total  of  1,836  mgms.  Commencing  from 
the  10th  day  the  faeces  were  examined  continuously,  and  disclosed 
a  urobilin  excretion  of  32,500  mgms.  during  six  days,  falling  after 
this  to  the  low  figure  of  100  mgms.  per  diem.  During  the  blackwater 
period  there  was  a  marked  degree  of  urinary  urobilin,  namely,  340 
mgms.  on  the  10th  day,  300  mgms.  on  the  1  ith  day  and  1 15  mgms. 
on  the  1 2th  day — after  which  it  fell  to  the  low  level  of  30  to  60  mgms. 
a  day.  The  actual  quantity  of  haemoglobin  in  the  urine  was 


and  reached  its  hei 

ght  at  7 

p.m. 

on  the 

10th  day, 

and 

then  fell 

gradually  as  follows : 

1 OTH 

Day 

Hours  . 

... 

.. 

10  a.m. 

7  p.m. 

11  p.m. 

Quantity  of  urine . 

... 

.. 

. 

..  95C.C. 

90  c.c. 

200  c.c. 

Amount  of  Hbg.  (expressed 

as  red  blood 

cells  by 

volume) 

, .  Trace 

4-5  c.c. 

0-5  c.c. 

I  ITH 

Day 

Hours  . 

2  a.m. 

9  a.m. 

1 2  noon 

7  p.m. 

9  p.m. 

Quantity  of  urine 

. 

250  c.c 

no 

200 

625 

360  c.c. 

Amount  of  Hbg.  (expressed 

as  red  blood 

0-33  c.c. 

1-98  C.c. 

celb  bv  volume)  ... 

. 

0-625  c. 

c.  0-055  c-c- 

I2TH 

Day 

Hour  . 

. 

3.30  a.m. 

Quantity  of  urine . 

. 

570  c.c. 

Amount  of  Hbg.  (expressed 

as  red  blood 

cells  by 

volume) 

.. 

. 

O' 

3io 


In  all,  the  haemoglobin  of  17  c.c.  of  normal  blood  or  about  jj 
grains  of  haemoglobin  was  passed  unaltered  in  the  urine. 

We  should  note  that  during  the  blackwater  period  and  subsequent 
lexer  up  to  the  23rd  day,  chlorides  were  markedly  diminished  in  the 
urine  and  the  specific  gravity  was  rather  low. 

During  the  febrile  periods  beginning  on  the  gth  and  on  the 
42nd  days  there  was  no  scarcity  of  leucocytes  such  as  occurred  during 
the  first  febrile  period,  or  such  as  occurs  during  ordinary  malarial 
febrile  periods  ;  but  the  mononuclear  percentage  was  high  all  through, 
■is  occurs  during  malarial  fever  and  afterwards.  Much  bilious 
vomiting  occurred  on  the  10th  and  nth  days,  and  unaltered  bile 
pigment  was  present  in  the  faeces  up  to  the  15th  day.  The  patient 
had  the  usual  jaundiced  appearance  during  the  second  febrile  period. 

Quinine,  which  had  been  stopped  since  the  10th  day,  was  resumed 
m  doses  of  one  grain  daily  on  the  35th  day  and  two  grains  daily  from 
the  41st  to  the  46th  day,  when  it  was  stopped  again  on  account  of 

t  le  second  relapse.  The  urobilin  was  not  estimated  during  the  third 
pyrexial  period. 

On  studying  the  case,  we  observe  that  the  first  pyrexial  period 
1 10111  the  1st  to  the  4th  day  accorded  exactly  with  our  previous 
experiences  with  the  thirty-three  ordinary  cases  of  malaria  described 
in  our  first  paper  (‘  Enumerative  Studies  on  Malaria’).  The  amount 
and  type  of  fever,  number  of  leucocytes,  fall  of  haemoglobin,  amount 
uiobilin  excretion,  and  effect  of  quinine  were  precisely  what  we 
ould  have  expected  from  the  number  of  parasites  counted;  and  the 
thing  may  be  said  of  the  following  apyrexial  period.  But  the 
sequent  events  differed  markedly  from  our  previous  experiences, 
lough  no  parasites  whatever  were  found  in  numbers  of  thick  film 
preparations,  yet  the  fever,  fall  of  haemoglobin,  and  urobilin 

..  10,n  'n  *atcr  febrile  periods  were  so  severe  that  they  would 
usiia  y  e  associated  with,  say,  50,000  parasites  or  more  per  c.mm. 

!C  ype  °f  fever  ln  t,lese  periods  also  differed  from  that  of  the  first 
,  and  fl’°m  that  seen  fe  our  cases  of  malaria.  During  the 
D  peuod  (of  the  gth  day)  the  fever  consisted  of  several  severe 

sweat ^  mu  °r  day’  accompanied  by  sharp  rigors  and  profuse 

seen"  .S  1 1  °  thCSe  mUch  more  severe  and  continued  than  are  usually 
third  m  cases  of  malaria,  even  with  very  many  parasites.  The 
yrexia  period  was  very  similar  to  the  second  one,  except  only 


that  it  was  not  so  severe,  and  that  haemoglobinuria  was  entirely 
absent.  Moreover,  the  whole  comparatively  fever-free  period  from 
the  1 8th  to  the  41st  day,  in  which  the  temperature  frequently 
exceeded  normal,  differed  from  ordinary  malarial  apyrexial  periods, 
in  which  the  temperature  generally  remains  quite  and  even 
considerably  below  normal,  and  asexual  parasites  are  often  still  to 
be  found.  Quinine  certainly  did  not  prevent  the  second  and  third 
pyrexial  periods,  although  it  was  never  followed  by  relapses  in  our 
cases  of  malaria;  and  the  leucocytes  did  not  show  the  characteristic 
diminution  of  malaria. 

From  these  facts  we  are  inclined  to  infer,  almost  with  certainty, 
that  the  second  and  third  pyrexial  periods  were  not  due  to  the  toxin 
of  the  parasites  of  malaria,  that  is,  to  the  usual  cause  of  malarial 
attacks,  but  to  some  other  cause.  As  shown  in  our  previous  paper, 
the  fact  that  parasites  were  not  found  in  no  less  than  forty-three 
thick  film  specimens  does  not  prove  by  any  means  that  none  were 
present  in  the  whole  body  ;  but  it  proves  that  their  numbers  were 
much  below  the  usual  figure  required  to  produce  even  slight  fever. 
It,  then,  the  later  pyrexial  periods  were  due  to  the  small  remainder 
of  parasites,  either  the  '  virulence  ’  of  these  must  have  become 
suddenly  and  greatly  exalted  after  the  gth  day,  or  else  the  patient’s 
resistance  to  their  toxin  must  have,  become  suddenly  lowered.  Neither 
of  these  appears  probable,  because  the  general  type  of  the  fever  in 
the  later  periods  differed  so  much  from  the  usual  malarial  type,  and 
because  quinine  had  no  reducing  effect.  If  there  is  another  cause, 
as  seems  to  be  highly  probable  from  this  case,  it  must  exert  a 
powerful  haemolytic  as  well  as  pyrogenous  effect.  The  third 
pyrexial  period  is  of  great  interest,  because  it  appears  to  establish 
a  new  fact,  namely,  that  this  peculiar  fever,  though  generally 
associated  with  a  great  fall  of  haemoglobin  and  also  with  haemo¬ 
globinuria,  need  not  necessarily  be  associated  with  either  (the 
Plasmodia  being  at  the  same  time  undetectable).  This  proves  also 
’hat  mere  haemoglobinuria  by  itself  does  not  cause  the  fever. 

\\e  now  content  ourselves  with  merely  recording  the  observed 
fact&  without  discussing  the  possible  causes  of  the  fever.  Further 
rt  searches  are  required  to  ascertain  whether  similar  phenomena  occur 
111  °^er  cases.  It  has  been  often  shown  since  Panse’s*  researches 
Otto  Pans*.  Zeit.  fur  Hygiene,  1902. 


that  the  parasites  tend  to  disappear  at  the  onset  of  blackvvater — but 
not,  we  think,  so  conclusively  as  in  this  case ;  nor  do  we  know  of 
relapses  without  either  Plasmodia  or  haemoblobinuria  having  been 
previously  noticed. 

We  should  add  (i)  that  no  signs  of  any  other  parasites  beside; 
Plasmodia  were  seen  ;  and  (2)  that  the  total  elimination  of  urobilin 
from  the  8th  to  the  15th  day  represents  an  amount  of  haemoglobin 
equal  to  that  of  all  the  patient’s  corpuscles,  the  25  per  cent,  of 
haemoglobin  still  remaining  being  probably  contained  in  young 
corpuscles  generated  during  the  period  referred  to.  The  relation 
between  the  numbers  of  circulating  corpuscles  and  the  haemoglobin 
percentage  appears  to  confirm  this  estimate.  As  the  asexual 
parasites  cannot  live  outside  the  red  corpuscles,  this  enormous 
destruction  of  the  latter  probably  causes  an  equally  great  destruction 
of  the  former,  which  may  explain  Panse’s  law  and  the  absence  of 
parasites  after  the  sixth  day  in  our  case;  but  it  does  not  seem 
capable  of  explaining  the  fever.  (3)  The  comparatively  slight  fall 
<>f  haemoglobin  during  the  third  pyrexial  period  may  be  explicable 
on  supposition  that  the  red  corpuscles  were  then  probably  younger 
and  more  resistant.  (4)  I  he  enlargement  of  the  liver  and  the  bilious 
vomiting  might  suggest  derangement  of  the  hepatic  system,  but  they 
may  also  represent  the  hyperaemia  of  extreme  activity.  The  fact 
lhat  the  liver  eliminated,  in  its  usual  manner,  such  an  enormous 
amount  of  blood  pigment  tends  to  confirm  the  latter  hypothesis. 
(.5)  In  conclusion,  we  would  remark  that  haemoglobinuria  seems  to  be 
merely  a  small  overflow  of  the  freed  haemoglobin  which  the  liver 
las  not  been  able  to  deal  with  ;  and  that  some  other  cause  other  than 
t  ic  toxin  of  the  Plasmodia  seems  to  produce  both  the  special 
aemolysis  and  the  special  fever  associated  with  it. 
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ON  HAEMOGLOBIN  METABOLISM  IN 
MALARIAL  FEVER 


BY 

G.  C.  E.  SIMPSON,  B.A.,  B.Sc.,  F.R.C.S. 

( Received  for  publication  15  November,  1910)* 

I.  INTRODUCTION 

The  following  studies  were  carried  out  at  the  suggestion  oi 
Major  Ross  on  some  of  the  thirty-three  cases  of  malaria  which  have 
occurred  since  January,  1910,  at  the  Royal  Southern  Hospital, 
Liverpool,  and  which  have  already  been  reported  upon  by  him  and 
Dr.  David  Thomson  in  their  paper  on  1  Enumerative  Studies  on 
Malarial  Fever. ’t  The  funds  for  the  research  were  allotted  to  the 
Liverpool  School  of  Tropical  Medicine  by  the  Advisory  Committee 
for  the  Tropical  Diseases  Research  Fund  (Colonial  Office).  Much  of 
the  work  was  done  in  the  laboratory  of  Professor  Benjamin  Moore, 
University  of  Liverpool,  to  whom  we  are  indebted  for  advice  and 
assistance. 

The  object  of  the  research  was  to  ascertain  the  fate  of  the 
haemoglobin,  which  is  well  known  to  be  set  free  from  the  red  corpuscles 
in  malarial  fever,  and  to  measure  its  amount,  in  the  ultimate  hope  that 
more  light  might  thus  be  thrown  on  various  problems  connected  with 
malaria,  and  especially  with  blackwater  fever.  The  daily  details  of 
my  findings  are  incorporated  in  the  tables  of  the  paper  just 
mentioned,  in  order  that  they  may  be  read  in  connection  with  the 
marked  fall,  recorded  by  the  haemoglobinometer,  in  the  haemoglobin 
of  the  circulating  blood  during  the  pyrexial  periods. 

II.  PRELIMINARY 

At  first  a  careful  search  of  the  urine  was  made  during  and  after 
the  malarial  paroxysms  in  eight  patients.  No  trace  of  haemoglobin 
or  of  haemin  or  other  immediate  derivatives  of  haemoglobin  was 
found,  except  in  two  cases,  where  a  few  red  blood  corpuscles  were 

‘(Read  in  abstract  before  the  Roval  Society.  Dec.  8.  and  reprinted  from  Proc.  Roy.  Snc., 
Senes  B„  Vol.  LXXXIII.  p.  t74  i 

t  Annals  ofTrop.  Med.  and  Pnraiit.,  Vol.  IV.  No.  3,  p.  267. 


found  associated  with  oxalurin.  Hyalin*,  and  granular  casts  and 
oxalate  crystals  were  present  in  the  urine  for  a  few  days  after  the 
paroxysms  in  five  of  these  cases  (Nos.  lo  to  14  inclusive).  A  greater 
measure  of  success  was  attained  when  attention  was  directed  to  the 
more  remote  products  of  haemoglobin  breakdown  ;  of  these  the  iron- 
tree  pigment  nucleus  alone  held  out  prospects  of  successful 
quantitative  work,  since  the  iron  itself  is  known  to  be  in  a  large 
measure  retained  in  the  body  and  the  protein  portion  is  merged  in 
the  general  protein  metabolism.  Haemoglobin,  whether  arising 
by  haemolysis  in  the  body  or  experimentally  introduced,  is  withdrawn 
from  the  circulation  and  broken  down  into  its  constituents  by  the 
liver,  and  the  pigment  moiety  is  excreted  into  the  intestine  as  bile 
pigment.  When  amounts  larger  than  about  0*3  gram  of  haemoglobin 
per  kilo  body  weight  are  suddenly'  introduced  into  the  circulating 
blood,  some  part  may  be  excreted  by  the  kidneys,  and  Barratt  and 
\  orke  have  shown  that  the  haemoglobinuria  varies,  with  the  degree 
of  h aemoglobi n aem  1  a . 

The  bile  pigment  leaves  the  body  for  the  most  part  as  urobilin 
in  the  urine  and  the  faeces. 

Since  the  relationship  of  haemoglobin  and  urobilin  is  known 
w  ith  fair  accuracy,  it  is  possible  to  calculate  theoretically  the  amount 
of  urobilin  which  would  be  yielded,  if  all  the  haemoglobin  of  a  normal 
man  could  be  transformed  into  that  substance;  or  conversely  "'hat 
amount  of  haemoglobin  must  have  been  destroyed  to  give  rise  to  a 
known  excretion  of  urobilin.  A  man  of  60  kilogrammes  with  a 
norma  amount  of  red  corpuscles,  etc.,  would  yield  about  30  grams 

hi  !jin  ,  r°ni  tiu  *iaenioglobin  (7  so  grams)  of  the  circulating 
ood  and  about  20  grams  more  from  the  haemoglobin  of  his  muscle 
and  from  pigment  in  the  liver  and  bile  passages. 


ukiimaky  UROBILIN 

shown  H  t  IIoPPe-Seyler,  Hildebrandt,  and  others  has 

that  it  “  U1  18  PreSent  °n,-v  in  ,races  in  normal  urines,  but 

internal  L’“e  '"ZT'  t”?  ^  “  * 
diem  in  thn  •  !  excretion  is  from  001  to  01  gram  per 

high  as  o-c  UMnC  0l  1CaIthy  aduIts’  and  in  pyrexias,  etc.,  it  rises  as 

- - 5  5lamJ>er  d,em-  Occasionally  higher  figures  have  been 

*  AnnaU  of  Trop.  Mtd . .  ,,  Xo.  Swinll  , 
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recorded,  0'8  gram  in  scarlet  fever,  2’0 2  gram  in  perityphlitis  and 
2  grams  in  malaria. 

After  trials  of  various  methods,  the  method  of  quantitative 
determination  adopted  for  the  purpose  of  this  work  was  to  determine 
the  dilution  of  the  urine  required  to  just  render  invisible  the  spectrum 
of  urobilin,  when  examined  by  a  spectroscope  in  a  layer  of  1 5  mm. 
thick.  The  spectroscope  was  standardised  with  solutions  of  purified 
urobilin,  and  the  readings  appear  to  be  reasonably  accurate  except 
that,  when  only  a  low  concentration  of  urobilin  is  present,  they  are 
too  low.  The  spectroscopic  results  were  checked  in  many  instances 
by  the  more  delicate  fluorescence  tests. 

By  this  method  I  failed  after  repeated  trials  to  find  urobilin  in 
any  specimen  of  urine  from  healthy  adults;  amounts  varying  from 
°‘°4  to  0-25  grams  per  diem  were  found  in  various  pyrexial  diseases 
and  from  o-02  to  o’o6  gram  per  diem  in  cases  of  anaemia,  inter¬ 
muscular  haemorrhage  and  hepatic  disease.  In  a  case  of  Malta 
fever  (temp.  104°  F.)  and  in  a  case  of  acute  suppurative  hepatitis 
(probably  dysenteric)  (temp.  104°  F.)  o’3  and  0'3i  gram  per  diem 
were  found  respectively. 

(b)  In  five  cases  of  simple  tertian  malaria  (JP.  vivax)  the  amount 
of  urobilin  found  in  the  urine  in  the  period  of  pyrexia  and  the  days 
following  was  never  greater  than  the  average  excretion  in  diseases 
such  as  pneumonia  with  an  equal  degree  of  pyrexia,  and  in  Case  3, 
indeed,  was  scarcely  perceptibly  increased  from  the  normal  limits:  — 

Maximal  excretion  in  twenty-four  hours  (Case  4)  O’ 19  gram. 

Maximal  total  excretion  in  seven  days  after  pyrexia  (Case  4) 
0’42  gram. 

(0  In  malignant  tertian  malaria  (P.  falciparum')  a  different 
picture  is  obtained;  definite  urobilinuria  sets  in  very  shortly  after 
the  onset  of  the  pyrexia,  reaches  its  height  on  the  second  or  third 
day  and  then  slowly  diminishes ;  the  normal  level  of  excretion  is 
reached  in  seven  to  ten  days  unless  a  fresh  paroxysm  intervenes. 
Sometimes  the  increased  output  continues  for  a  longer  period 
(e-g-,  Case  20),  and  in  old  standing  cases  with  chronic  malarial 
anaemia  there  may  be  a  continuous  raised  urobilin  output  even  in 
the  absence  of  pyrexia  (Case  19);  and  in  these  cases  marked 
haematoporphyrinuria  was  several  times  noted  (Cases  17,  18,  19). 
(Haematoporphyrinuria  was  also  noted  on  one  occasion  in  Cases  20 
and  23.) 
u 


Average  excretions  of  urinary  urobilin  in  malignant  tertian  malaria 
(Cases  io,  12,  17,  19,  20). 

Maximum  excretion  in  twenty-four  hours  (Cases  20  and  17) 
0  2  to  0  30  grams. 

Maximum  total  excretion  in  seven  days  (Cases  17  and  12)  o'6 
to  07  gram. 

The  amount  of  urobilinuria  (even  if  considered  in  comparison 
with  body  weight)  bore  no  apparent  relation  (1)  to  the  degree  of 
pyrexia;  (2)  to  the  fall  of  the  haemoglobinometer  readings  during 

the  pyrexia;  or  (3)  to  the  absolute  numbers  of  parasites  present  in 
the  blood. 


(d)  Special  high  excretion  in  malignant  tertian  malaria.  In  four 
cases  the  excretion  of  urobilin  was  so  much  higher  that  they  will  be 
mentioned  separately  and  in  more  detail.  In  Cases  n,  13,  and  23, 
t  e  patients  were  young,  and  large  numbers  of  parasites  were  present 
wit  correspondingly  severe  symptoms;  in  Case  21  the  patient  was 
older  and,  though  the  parasites  were  much  less  numerous  and  the 
pyrexia  less  marked,  he  was  markedly  prostrated  by  his  attack. 

may  mention  that  the  urine  in  these  cases  became  extremely 
dark  on  standing  in  daylight,  after  acidification,  and  that  the 
a”  0  uro  remained  visible  in  two  instances  until  the  urine 
was  diluted  to  one  hundred  and  fifty  volumes.  Cases  13  and  21 
were  constipated  at  the  time  the  high-days'  output  took  place. 

give  in  each  instance  the  maximal  twenty-four  hours’  output 
and  the  total  excretion  for  seven  days,  and  have  also  determined 
the  percentage  relation  between  these  amounts  and  the  normal 
circulating  haemoglobin  of  the  patients. 

Number  of  Case 
Weight  in  kilos. 

Maximal  24  hours'  excretion — 

As  grams  of  Urobilin  ... 

As  percentage  of  total  Hbg. 

Total  7  days’  excretion — 

As  grams  of  Urobilin . 

As  percentage  of  total  Hbg. 

As  corpuscles  per  mm,»  of  blood 

FaU  ^  meter°^l0bin  "  reCordcd  bX  Haemoglobino- 

Number  of  parasites  per  mm.»  of  blood 
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The  figures  are  very  high  indeed,  and  equal,  in  some  instances, 
any  figure  that  I  have  found  recorded  by  other  observers;  their 
special  interest  is  that  they  show  the  destruction  and  elimination 
of  a  very  large  proportion  of  the  haemoglobin  of  the  circulating 
blood;  I  propose,  however,  to  leave  the  question  of  urinary  urobilin 
at  this  stage  and  proceed  to  consider  the  elimination  by  the  bowel. 
As  will  be  seen  later  urinary  urobilin  would  appear  to  be  simply  a 
leakage— rarely  an  important  one — from  the  other  channel,  and  it 
has  only  been  alluded  to  in  consideration  of  the  great  attention 
that  has  been  paid  to  it  in  the  past,  and  since  in  the  present  instance, 
it  was  largely  the  promise  held  out  by  the  results  obtained  in  Cases 
n  and  13  in  the  early  days  of  January,  that  led  to  my  persisting 
in  further  work  along  these  lines. 

Note.— Since  writing  this  paper  I  have  become  acquainted  with 
Dejonge’s*  results,  he  found  urobilin  in  malarial  urines  in  amounts 
of  from  0-05  to  o’ 10  gram  per  diem,  and  this  frequently  rose  as 
high  as  1  gram  and  occasionally  even  to  4  grams.  The  difference 
may  be  accounted  for  by  the  fact  that  his  cases,  unlike  mine,  were 
frequently  treated  with  quinine,  which  he  found  to  increase  the 
urobilin  output.  He  found  however  lower  outputs  in  malignant 
tertian  malaria  than  in  benign  tertian,  a  result  very  different  from 
mine. 

IV.  FAECAL  UROBILIN 

{a)  It  would  be  out  of  place  in  the  present  paper  to  discuss  at 
an)'  length  the  methods  of  extraction  and  estimation  of  urobilin 
from  the  faeces,  but  perhaps  I  may  be  pardoned  for  alluding  to  a 
few  points  of  interest. 

After  considerable  controversy  it  has  been  shown  that  urobilin 
°f  identical  quantitative  composition  can,  by  various  processes,  be 
Prepared  from  faecal  and  urinary  sources.  It  would  appear, 
however,  that  much  of  the  urobilin  in  the  faeces  is  present  in 
modified  forms  (possibly  in  part  in  union  with  metallic  salts)  since 
'l  has  a  fluorescence  and  occasionally  a  spectroscopical  appearance 
somewhat  different  from  that  of  urinary  urobilin ;  on  one  or  two 
occasions  I  was  very  much  puzzled  by  obtaining  a  solution  much 
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more  purple  in  colour  than  usual,  and  with  a  slightly  altered  band, 
and  it  was  only  after  considerable  expenditure  of  time  that  I 
discovered  that  part  of  the  urobilin  was  present  as  its  mercury 
compound  owing  to  the  administration  of  calomel. 

Another  variation  which  gave  rise  to  great  difficulty  is  that  the 
urobilin,  obtained  by  the  extraction  of  the  faeces  with  acidulated 
water,  proves  very  refractory  at  different  stages  in  the  process  of 
purification  and  separation,  described  by  Garrod  and  Hopkins — 
indeed  we  have  as  yet  failed  to  get  a  reasonably  pure  product  from 
the  faeces  and  so  possibly  the  figures  obtained  may  later  require 
revision. 

1  he  urobilin  was  extracted  by  repeated  shaking  with  large 
amounts  of  water,  acidulated  with  dilute  sulphuric  acid,  and  the 
filtrates  were  fully  exposed  to  daylight  for  some  time,  before  being 
estimated  by  the  same  method  as  was  adopted  for  urinary  urobilin; 
this  solvent  has  the  advantage  that  it  does  not  take  up  bile  pigment 
01  chlorophyll  to  any  extent,  and  only  on  one  occasion  (later 
extracts  of  a  case  of  blackwater  fever)  did  I  find  any  definite  band 
other  than  that  of  urobilin,  though  other  writers  seem  to  have  found 
such  extra  bands  very  frequently  when  using  different  solvents. 

Another  point  of  interest  is  that  in  such  literature  as  I  have 
discovered  on  faecal  urobilin,  the  writers  seem  to  convey  the 
impression  that  it  is  present  in  small  amounts  and  requires  somewhat 
delicate  tests  for  its  identification.  Only  in  McMunn’s  papers  did 
I  find  descriptions  of  solutions  comparable  in  colour  and  spectroscopic 
appearances  to  those  with  which  I  had  become  acquainted,  and  in 
which,  as  a  general  rule,  a  very  high  dilution  was  necessary  before 
the  general  absorption  was  overcome  ;  and  the  urobilin  band  was  the 
only  one  ever  distinguished  save  in  the  instance  referred  to  in  the 
ast  paragraph,  when  a  band  was  also  present  embracing  the  D  line, 
probably  due  to  haematoporphyrin. 

From  Case  23,  lor  example,  nearly  two  litres  of  acidulated  extract 
were  obtained  in  which  there  were  visible:  — 

'•  Acid  Ur°bilin  Band  to  a  dilution  of 

2.  Mercury  ,, 

,  !> 

3.  Pink  colour  of  mercury  urobilin  „ 

4-  Fluorescence  with  Zinc  Chloride  „  ... 


100  volumes. 
120  „ 

800 

3°o  „ 
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In  another  instance  (blackwater  fever  case)  from  the  same  stool  L 
obtained :  — 

4,000  c.c.  of  extract  with  Acid  Urobilin  band  visible  to  400  dilutions  and  Fluorescence  (Zinc  Acetate) 
to  1,600  dilutions. 

7,400  c.c.  of  extract  with  Acid  Urobilin  band  visible  to  200  dilutions  and  Fluorescence  (Zinc  Acetate) 
to  1,000  dilutions. 

3,000  c.c.  of  extract  with  Acid  Urobilin  band  visible  to  40  dilutions  and  Fluorescence  (Zinc  Acetate) 
to  600  dilutions. 

In  all  3,200  litres  of  fluid  showing  Urobilin  band,  or  15,600  litres  of  fluid  showing  clearly  green 

Fluorescence  with  Zinc  Acetate,  in  each  case  in  test-tubes  fifteen  millimetres  in  diameter. 


The  only  quantitative  figures  I 
faecal  urobilin  are  :  — 

have  found  in  the  literature  for 

0-021  to  0-029  g™01  Per  diem  in  cases 
0-153  °’92  »  »  » 

of  Chlorosis. 

Pernicious  Anaemia. 

My  own  results  included  the  following  :  — 

Stools  of  healthy  adults  on  full  diet 

...  0-03  to  0-06  gram  per  diem. 

Pneumonia  (temp.  104’F.,  milk  diet) 

...  0-08  „  >> 

Malta  Fever  (temp.  104  I'.,  milk  diet) 

...  0-4  »  t> 

Anaemic  Girl  (meat  diet) 

...  0-04  to  0-13  „  „ 

Intramuscular  Haemorrhage  (meat  diet)  o- 12  to  0-13  „  „ 

Amoebic  Suppurative  Hepatitis 

(temp.  103°) 

...  0-12  to  0-13  „  tj 

Chronic  Malarial  Anaemia 

...  0-15  1*  j» 

(b)  Faecal  urobilin  in  benign  tertian  malaria  (P .  vivax).  In 
three  cases  of  this  disease  the  excretion  was  found  to  be  comparable 
to  that  found  in  other  pyrexial  diseases  (in  a  fourth,  Case  8,  it  was 

much  higher,  but  was  only  taken  on 

one  day). 

Case  6 — Maximum  day’s  excretion 

...  0-49  gram. 

Total  excretion  in  7  days 

.  122  „ 

Control  stool  (13th  day,  meat  diet) 

.  0-02  „ 

Case  7 — Maximum  day's  excretion 

.  o-53  n 

Total  excretion  in  7  days 

.  i-3°  » 

Control  stools  (loth  and  nth  days 

meat  diet)  ...  0-07  and  0-05  gram. 

Case  8 — Only  one  stool  examined  (4th  day) 

.  i- 1 2  gram. 

These  excretions  represent  in  Cases  6  and  7  about  4  per  cent, 
of  the  patients’  total  circulating  haemoglobin,  the  haemoglobmometer 
shows  a  much  greater  fall  (20  per  cent,  in  Case  7). 

(c)  Faecal  urobilin  in  malignant  tertian  malaria  (P-  falciparum'). 
Eight  cases  of  disease  have  been  examined  for  faecal  urobilin,  and  in 
practically  every  instance  a  higher  output  was  shown. 
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In  five  instances,  only  isolated  stools  shortly  after  the  paroxysm 
were  examined,  and  usually  also  a  control  stool,  when  the  patient  was 
again  convalescent  and  on  meat  diet. 


Case  Number 

Day  of  disease 

Faecal  Ub. 
(grams) 

Faecal  Ub. 
(per  cent,  of  Hbg.) 

Fall  of  Haem. 
(Haemoglobin¬ 
ometer) 

17  . 

4 

,,,3 

4 

20 

13  (relapse) 

0-45 

i*6 

10 

21  (control) 

0-28 

1*0 

— 

24  . 

20  (relapse) 

o-8 

2-4 

5 

16  (control) 

0*14 

0-42 

25  . 

I 

0-12 

— 

— 

7 

0-51 

— 

— 

28  . 

2 

*•13 

3-5 

5 

In  the  two  remaining  cases  the  faecal  excretion  was  followed 
throughout  the  attack,  save  for  occasional  unavoidable  losses.  The 
history  of  these  cases  (21  and  23)  has  already  been  alluded  to  in 
the  section  dealing  with  urinary  urobilin. 

In  Case  23  the  urobilin  output  during  convalescence  and  on  meat 
diet  was  from  0  0 1  to  o-02  gram  per  diem,  and  during  his  pyrexia 
this  rose  to  as  much  as  i'73  grams. 

In  the  first  seven  days  after  the  onset  of  pyrexia  his  total  urobilin 
output  was  6  4  grams,  representing  no  less  than  25  per  cent,  of  his 
total  haemoglobin  (of  this  amount  4  3  grams  appeared  in  the  faeces, 
2" i  grams  in  the  urine).  His  haemoglobinometer  reading  fell  20  per 
cent,  and  recovered  6  per  cent,  in  the  last  two  days  of  the  week ;  the 
number  of  red  blood  cells  destroyed  (calculated  from  urobilin 
excretion)  must  have  been  about  1,250,000  per  mm.3,  while  the 
maximum  number  of  parasites  observed  was  only  50,000  per  mm.3. 

In  two  subsequent  relapses  his  urobilin  output  was  very  much 
low^er  (about  1  5  grams),  but  in  the  first  of  these  especially  a  much 
more  marked  fall  occurred,  as  shown  by  the  haemoglobinometer,  and 
the  recovery  was  much  slower,  suggesting  possibly  that  the  reserves 
of  haemoglobin  precursors  had  become  exhausted. 

Case  21  had  a  rather  higher  output  of  urobilin  during  convales¬ 
cence,  amounting  to  0-15  gram  per  diem,  but  after  pyrexia  it 
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reached  the  high  figure  of  4'i  grams  (following  three  days’  constipa¬ 
tion).  Some  stools  were  unfortunately  lost,  but  his  total  urobilin 
output  (urinary  and  faecal)  amounted  to  6' 8  grams,  which  represents 
20  per  cent,  of  his  total  normal  haemoglobin. 

The  haemoglobinometer  readings  fell  25  per  cent.,  of  which  15  per 
cent,  was  regained  within  a  week.  His  urobilin  output  corresponds 
to  a  destruction  of  1,000,000  corpuscles  per  mm.3,  while  the  maximum 
number  of  parasites  seen  in  rhe  peripheral  blood  was  35,000  per  mm  A 

V.  SUMMARY 

There  can  therefore  be  little  doubt  that,  in  malignant  tertian 
(P.  falciparum )  infection,  the  excretion  of  haemoglobin  derivatives 
is  much  higher  than  in  other  diseases  with  a  similar  degree  of 
pyrexia ;  this  excretion  is  accompanied  by,  and  probably  depends  on, 
a  fall  in  the  haemoglobin  present  in  the  circulating  blood,  and  would 
seem  to  demonstrate  that  the  fall  in  the  haemoglobinometer  readings 
represents  an  actual  destruction  of  red  blood  cells,  not  merely  an 
alteration  in  the  relative  proportions  of  corpuscles  and  plasma  in  the 
peripheral  blood. 

In  Cases  21  and  23,  respectively,  thirty-five  and  twenty-five 
corpuscles  at  least  must  have  been  destroyed  for  every  parasite 
present,  and  this  suggests  either  that  the  corpuscles  are  disintegrated 
mechanically  (or  as  part  of  a  protective  mechanism)  by  the  efforts  of 
the  spores  to  enter  them,  or  else  that  the  mother-parasite  contains 
some  haemolytic  substance  which  is  liberated  on  sporulation. 

Finally  I  would  like  to  draw  attention  to  the  relationship  between 
the  elimination  by  the  urinary  and  faecal  channels  in  these  cases, 
and,  indeed,  in  health  and  in  other  diseases.  Only  exceptionally 
does  the  urinary  output  approach  the  level  of  the  faecal  output,  and 
yet  practically  all  the  quantitative  work  that  has  so  far  been  done 
on  urobilin,  has  been  confined  to  the  small  and  comparatively 
unimportant  channel. 

Before  concluding  I  would  like  to  refer  to  the  eighth  case  of 
malignant  tertian  infection  mentioned  in  dealing  with  faecal  urobilin, 
and  which,  owing  to  its  peculiar  interest,  is  dealt  with  in  a  separate 
paper  by  Major  Ross,  Dr.  Thomson  and  myself  (p.  3°7)- 

When  admitted  to  the  hospital  he  had  a  fairly  severe  attack  of 
malignant  tertian  malaria,  and  in  the  week  following  its  onset  he 
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eliminated  about  3  grams  of  urobilin,  the  large  majority  in  the  faeces ; 
this  is  equivalent  to  10  per  cent,  of  his  total  circulating  haemoglobin, 
and  corresponds  with  the  elimination  in  ordinary  cases  of  this 
infection  ;  (under  normal  circumstances  on  full  diet  his  faecal  urobilin 
is  about  O' 1 8  gram  per  diem). 

A  week  later  he  had  another  attack  of  fever,  accompanied  by 
haemoglobinuria  the  complex  known  as  blackwater  fever— and  in 
the  first  seven  days  ol  this  attack  he  excreted  the  enormous  amount 

33  grams  of  urobilin.  In  spite  of  marked  urobilinuria  during 
the  period  of  haemoglobinuria  only  1-25  grams  of  urobilin  appeared 
in  all  in  the  urine,  and  of  the  remainder  nearly  the  whole  (293 
grams)  was  present  in  one  stool,  of  which  some  particulars  were 
given  in  the  preliminary  remarks  on  faecal  urobilin  (this  stool 
contained  also  a  considerable  amount  of  unaltered  bile)  Owing  to 
his  collapsed  and  unconscious  state,  several  stools  were  lost,  but  his 
next  three  recoverable  stools  contained  in  all  only  some  0'8  gram  of 
urobilin,  (though  the  presence  of  diarrhoea  may  have  led  to  an  unduly 
low  yield). 

As  will  be  remembered,  a  man  of  his  weight  (60  kilos)  contains 
potentially  some  30  grams  from  the  haemoglobin  of  his  circulating 
ood  and  probably  about  20  grams  more  from  other  sources,  so  this 
patient  seems  to  have  suffered  an  almost  total  destruction  of  his 
circulating  blood.  The  haemoglobinometer  reading  fell  to  25  per 
cent  and  so  apparently  some  of  the  destroyed  haemoglobin  was 
api  )  replaced  from  other  sources.  The  haemoglobinuria  itself 
on  y  accounted  for  the  haemoglobin  of  20  c.c.  of  blood,  less  than 
0  5  per  cent,  of  the  total. 

I  do  not  propose  to  allude  further  to  this  case,  but  would  like  to 
indicate  one  other  possible  point  of  interest.  Barratt  and  Yorke* 
state  that  haemoglobinuria  arises  in  man.  if  a  grade  of  haemoglob- 
maemm  is  attained  exceeding  that  obtained  by  the  solution  of  the 
haemoglobin  of  o'25  per  cent,  by  volume  of  wet  red  cells  in  the 
00  pasma;  (roughly  speaking,  the  volumes  of  plasma  and 
corpuscles  are  equal  in  human  blood,  and  so  on  this  scale  total 
Haemolysis  represents  100  per  cent). 

We  have  seen  that  in  Cases  2I  and  23  from  20  to  25  per  cent,  of  the 
corpuscles  were  destroyed,  and  in  these  cases  the  period  of  pyrexia 

*  Loc.  cit.,  Section  III.  - 
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(in  which  it  appears  legitimate  to  assume  the  haemolysis  took  place), 
occupied  about  thirty-six  hours.  So  the  haemoglobin  of  about  0  6  per 
cent,  of  red  corpuscles  was  discharged  into  the  plasma  in  every  hour, 
if  the  haemolysis  was  spread  evenly  over  the  period  of  the  crisis ; 
and  as  the  liver  would  need  to  remove  this  amount  every  hour  from 
the  whole  blood  to  prevent  the  appearance  of  haemoglobinuria,  any 
slight  failure  of  the  mechanism  either  from  hepatic  congestion  or 
from  all  the  haemolysis  occurring  in  a  very  short  period  of  time  might 
serve  to  set  up  haemoglobinuria. 

CONCLUSIONS 

1.  The  main  excretory  channel  for  the  pigment  portion  of  the 
blood  is  the  alimentary  tract,  and  urinary  urooinn  represents  only 
a  small  overflow  from  this  source  ;  the  main  elimination  is  in  the 
faeces,  and  this  has  been  largely  neglected  by  previous  observers, 
in  favour  of  the  urinary  overflow  ;  which,  however,  would  seem  to  be 
of  importance  only  as  an  indication  of  the  absorptive  activity  of  the 
intestine  and  almost  negligible  for  quantitative  purposes. 

2.  That  the  fall  in  the  haemoglobinometer  readings  in  malaria 
appears  to  represent  an  actual  destruction  of  red  corpuscles  and 
elimination  of  their  pigment  by  the  normal  excretory  mechanism. 

3-  The  haemoglobin  breakdown  during  the  pyrexia  due  to 
malignant  tertian  (P.  falciparum)  infection  appears  to  be  greater 
than  in  other  pyrexial  diseases  or  than  in  benign  malaria  (P .  vivax), 
and  may  be  many  times  greater  than  would  be  accounted  for  by  the 
number  of  corpuscles  infected  by  the  parasites. 

4-  1'hat  as  regards  their  effect  of  causing  haemolysis,  the 
parasites  appear  to  be  of  different  degrees  of  virulence  in  different 
individuals,  and  even  in  different  paroxysms  in  the  same  individual 
(relatively  at  least,  since  the  patent’s  resistance  must  be  considered). 

5-  Normally  the  ordinary  channels  of  excretion  are  capable  of 
dealing  with  the  free  haemoglobin  and  rapidly  remove  it  from  the 
blood  stream,  and  a  very  severe  strain  (over  25  per  cent,  of  the  total 
circulatory  haemoglobin)  can  be  sustained  without  their  failure  and 
the  consequent  onset  of  haemoglobinuria. 


.  :  - 
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SOME  OBSERVATIONS  ON  A  CASE  OF 
SLEEPING  SICKNESS  :  COAGULATION 
TIME  OF  BLOOD,  ALBUMOSES, 
CHOLINE,  CEREBRAL  SECTIONS 


BY 

VISHNU  T.  KORKE,  M.R.C.P.  (Edin.),  D.T.M.  (Liverpool), 
L.M.  &  S.  (Bombay), 

JOHNSTON  COLONIAL  FELLOW,  UNIVERSITY  OF  LIVERPOOL 

{Received  for  publication  28  October ,  1910) 

INTRODUCTORY  REMARKS 

The  observations  recorded  in  this  paper,  though  somewhat 
incomplete,  are  not  without  interest.  They  were  made  on  a  case  of 
sleeping  sickness  in  Professor  Ross’s  clinic  at  the  Royal  Southern 
Hospital,  Liverpool.  This  work  was  done  in  conjunction  with  other 
researches  on  the  same  case.* 

Patient,  W.  A.,  male,  age  26,  was  infected  by  the  parasite  of 
sleeping  sickness  in  September,  1909,  while  he  was  in  North  East 
Rhodesia.  Trypanosomes  were  observed  in  his  peripheral  blood  in 
Africa  on  November  17,  1909.  He  died  of  lung  and  pleural 
complications  (pneumonia  and  empyema)  on  June  29,  1910.  The 
exact  period  of  disease  may  be  approximately  calculated  to  be  300 
days  or  thereabouts.  The  somnolent  stage  was  not  well  pronounced. 
The  parasite  found  in  his  blood  showed  a  peculiar  morphological 
feature  in  that  some  of  the  stout  forms  possessed  a  posterior  nucleus, 
and  has  been  named  T.  rhodesiense  by  Stephens  and  Fantham.t 
This  parasite  was  of  a  marked  virulence  in  the  laboratory  animals. 
Such  in  brief  is  the  history  and  peculiarities  of  the  case. 


*Ross  and  Thomson.  Proc.  Roy.  Soc-,  82  B,  pp.  411-415. 
t Stephens  and  Fantham.  Proc.  Roy.  Soc.,  83  B,  pp.  28-33  (1910). 
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I.  Coagulation  titne  of  blood ,  by  Wright's  method  at  37°C.  ( blood 
heat). 

In  order  to  understand  the  relations  between  the  coagulation, 
leucocytes,  haemoglobin  and  the  parasites,  the  observations  are 
tabulated  below.  They  were  made  within  the  last  fortnight  of  the 
patient’s  illness. 


Normal  (Man) 

June  14 

June  16 

June  21 

June  29 

Coagulation  time  ... 

3  to  6  minutes 
(4  mins.  30  secs, 
average) 

12'  0" 

5'  *5" 

s’ 

Died 

Leucocytes  per  mm.8 

10,000 

25,000 

4,500 

3,200 

Haemoglobin  index 
(Sahli's  scale) 

100% 

5°% 

70% 

50% 

*  Parasites  per  mm.3 

38 

32 

56 

The  observations  are  too  few  to  lead  to  any  definite  conclusions, 
but  one  gets  a  general  impression  that  the  coagulation  time  is 
passing  from  the  negative  to  the  positive  phase  as  the  leucocytosis 
is  passing  towards  leucopenia.  The  number  of  the  parasites  and 
the  nature  of  the  haemoglobin  index  are  subject  to  very  little 
variation. 

II.  Absence  of  trypanosomes  from  the  cerebrospinal  fluid  and 
blood. 

Patient  died  June  29th  at  about  5  p.m.  Post-mortem  made  June 
30th  at  about  1 1  a.m. 

(1)  The  cerebrospinal  fluid  was  carefully  collected  in  sterilized 
tubes.  It  was  mixed  with  a  trace  of  blood  and  lymph  (oedema  of 
the  brain). 

(2)  Tubes  were  centrifugalised  for  fifteen  minutes,  the  supernatant 
fluid  was  pipetted  off,  smears  were  made,  both  from  the  deposits  and 
supernatant  fluid,  fixed  in  alcohol,  stained  according  to  the 
Romanowsky  method.  The  result  was  negative. 

(3)  Smears  were  made  from  the  blood,  fixed  in  alcohol  stained 
with  Romanowsky.  Result,  negative. 


*  Counted  by  Dr.  David  Thomson. 
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III.  Presence  of  albumoses  in  the  cerebrospinal  fluid. 

(1)  Acetic  acid  and  saturated  sodium  chloride  reactions — 
positive.* 

(2)  Biuret  reaction — positive. 

Besides  it  appeared  from  the  methodical  application  of  other 
tests  that  the  albumose  belonged  to  the  class  of  primary  proteose. 

IV.  The  blood  was  examined  for  the  presence  of  albumoses.  The 

result  was  negative. 

V.  Absence  of  albumoses  in  the  urine. 

The  urine  during  life  was  examined  for  albumose.  The  reaction 
was  negative;  later  on,  in  the  preserved  specimen  of  urine  albumose 
was  again  found  to  be  absent. 

Patient  had  a  large  collection  of  pus  in  the  pleural  cavity, 
consequently  the  possibility  that  the  albumose  was  due  to  empyema 
was  thus  eliminated  by  the  result  of  the  blood  and  urine 
examinations. 

So  that  although  the  cerebrospinal  fluid  was  tinged  with  blood, 
the  process  of  exclusion  leads  to  the  conclusion  that  albumose  was 
present  in  the  cerebrospinal  fluid  only.  According  to  Byrom 
Bramwellt  the  presence  of  albumins,  together  with  lymphocytosis 
in  the  cerebrospinal  fluid,  are  supposed  to  be  of  early  diagnostic 
value  in  the  incipient  stage  of  parasyphilitic  lesions  like  tabes  and 
general  paralysis  of  the  insane.  The  exact  origin  of  albumose  is 
doubtful;  either  it  may  be  due  to  chronic  meningo-encephalitis  or 
to  toxic  products  of  protozoa  or  bacteria.  Whatever  the  cause  may 
be  it  is  evident  that  the  presence  of  albumose  is  not  restricted  to 
the  parasyphilitic  lesions  only. 

Its  presence  in  the  cerebrospinal  fluid  in  the  incipient  stage  of 
chronic  meningo-encephalitis  (T .  gambiense')  requires  to  be 
determined.  But  how  far  it  may  be  of  diagnostic  value  in  the  case 
of  sleeping  sickness  is  another  question. 

VI.  Presence  of  choline. 

Mott  and  Halliburton  have  shown  that  in  general  paralysis 
of  the  insane  the  marked  degeneration  that  occurs  in  the  brain  is 


*  Boston,  Clinical  Diignosis  (1904),  p.  216. 
t  Personal  communication. 
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accompanied  by  passing  of  the  products  of  degeneration  into  the 
cerebrospinal  fluid,  and  of  these  nucleo-proteid  and  choline 
(decomposition  product  of  lecithin)  are  those  which  can  be  most 
readily  detected. 

This  is  not  peculiar  to  general  paralysis  of  the  insane,  but 
choline  can  be  detected  in  various  other  nerve  degenerations. 

The  point  of -peculiar  interest  is  that  the  pathological  changes 
in  general  paralysis  of  the  insane  and  sleeping  sickness  are  more  or 
less  similar.  The  test  used  for  choline  was  that  of  Mott  and 
Halliburton,  viz.,  the  production  of  characteristic  octohedral 
crystals  of  the  platinum  double  salt  from  the  alcoholic  extracts  of 
the  cerebrospinal  fluid.  The  result  was  positive. 

Control  tests  were  made  with  the  15  per  cent,  alcohol  and 
absolute  alcohol  used  in  the  original  test,  but  these  were  negative. 

VII.  Blood. 

With  the  above  test  it  was  found  that  choline  was  absent  in  the 
blood. 

VIII.  Absence  of  choline  in  the  blood  of  animals  infected  with  the 
parasite  of  the  case. 

The  test  applied  was  the  modified  method  of  Mott.*  It 
consisted  in  the  formation  of  the  brownish-black  rectangular  plates 
of  choline  periodide. 

The  number  of  the  trypanosomes  per  mm.3  at  the  time  of  the 
expei  iment  and  before  death  of  the  animals  are  given  below. 


Trypanosomes  at  the  time 
of  the  experiment 

Trypanosomes  before 
death 

Rat  1. — Weight  182  grams  . 

20,085  Per  mm.8 

126,000  per  mm.3 

„  2. — Weight  220  grams  . 

56,320  „ 

100,400  „ 

Guinea-Pig  1. — 952  grams  . 

3,328 

6,000  „ 

„  2. — 880  grams 

4,4*6 

30,720  „ 

Two  control  rats  ...  . 

0 

0 

*  Lancet ,  July  9,  1910,  p.  80. 
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Thus  choline  was  absent  in  the  blood  practically  at  the  height  of 
the  parasite  infection. 

According  to  Plimmer*  the  brains  of  rats  that  have  been 
inoculated  with  the  human  trypanosomes  have  shown  the  peculiar 
perivascular  infiltration.  It  is  interesting  to  note  from  my 
observations  that  choline  failed  to  enter  into  the  blood,  or  m  other 
words  the  products  of  nerve  degeneration  have  not  passed  into  the 
blood. 

IX.  Effect  of  products  of  nerve  degeneration  in  the  cerebrospinal 
fluid  (i.e.,  choline  and  nucleo-proteid)  from  the  case  of 
sleeping  sickness— on  the  coagulation  time  of  blood  and  the 
percentage  of  haemoglobin  in  the  rat. 


Before  inoculation 
of  cerebrospinal 
fluid 

After  inoculation  of  the  same  intraperitone 

ally 

intraperitoneally 

tst  day 

3rd  day 

4th  day 

5  th  day 

6th  day 

min.  sec.  min.  sec. 

min.  sec. 

min.  sec. 

min.  sec. 

min.  sec. 

min.  sec. 

Coagulation  time 
(By  Wright’s 
method  at  half 
blood  heat) 

4  25  t0  4  3° 

3  »5 

7  5 

6  40 

6  55 

10  46 

Haemoglobin  ... 
(Sahli) 

*20% 

80% 

55% 

4°% 

60% 

80% 

We  may  not  be  able  to  draw  any  inferences  from  the  smallness 
of  this  experiment,  but  one  fact  remains  that  the  cerebrospinal 
fluid  from  the  case  of  sleeping  sickness  contained  a  product  which 
influenced  the  negative  and  the  positive  phase  of  coagulation,  and 
so  far  as  is  known  on  the  subject,  it  may  be  the  nucleo-proteid. 

X.  Sections  of  the  brain  tissue. 

The  brain  tissue  was  kindly  lent  to  me  by  Dr.  Stephens  to  whom 
ray  thanks  are  due. 

The  tissue  was  embedded  in  paraffin,  sections  were  cut  an 
stained  with  haematoxylin  and  eosin. 


*  Allbutt  and  Rolleston.  System  of  Medicine,  Vol.  II,  I  art  II,  p 


330 


Microscopical  appearances. 

The  perivascular  spaces  around  the  blood  vessels  in  the 
substance  of  the  brain  were  infiltrated  with  mononuclear  leucocytes, 
chiefly  lymphocytes.  This  change  is  typical  of  the  sleeping 
sickness  brain  where  the  infection  is  due  to  T.  gambicnse.  The 
infiltration  was  not  enormous.  I  have  applied  a  method  of  counting 
the  mononuclears  in  the  perivascular  spaces.  The  sections  cut  were 
8/j.  in  thickness. 


Length  of  the  vessel 

in  section  in  /j. 

Breadth  of  the  vessel 
in  section  in  /a 

Number  of  the 
mononuclears 

100 

. 

.j  22*8 

34 

68 

68 

48 

100 

... 

. 

68 

72 

100 

... 

too 

56 

100 

... 

. 

100 

56 

68 

... 

... 

68 

45 

136 

... 

. 

68 

40 

100 

. 

85 

45 

136 

. 

100 

116 

100 

. 

85 

35 

>36 

. 

100 

1 18 

100 

85 

95 

100 

. 

85 

68 

100 

. 

85 

55 

100 

... 

. 

85 

40 

100 

... 

. 

85 

40 

100 

... 

. 

85 

40 

'36 

... 

. 

ICX> 

*5° 

68 

... 

. 

68 

40 

100 

... 

. 

34 

5° 

100 

Average  102 

34 

72-8 

48 

61  mononuclears 

I  hat  is  in  a  space  of  102  fJ.  x  72  /i  x  8  /£  there  are  61  mononuclear  leucocytes. 
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Some  of  the  brain  tissue  was  sent  to  Dr.  Mott,  F.R.S.,  by 
Professor  Ross  for  his  opinion.  The  report  given  by  Dr.  Mott 
appears  below :  — 


Report  on  the  Examination  of  Brain  Tissue  sent  by  Major  R.  Ross 


Two  small  portions  of  brain  embedded  in  paraffin  were 
received;  one  was  a  small  piece  of  cerebellum ;  the  other  was  a  small 
portion  of  white  subcortical  tissue,  location  not  definable.  Sections 
of  5/<  were  cut  and  stained  by  polychrome,  Giemsa  and  Heidenhain 
haematoxylin  methods. 

All  the  sections  examined  showed  a  well-marked  perivascular 
infiltration  with  lymphocytes  and  plasma  cells,  indistinguishable 
from  that  which  I  have  seen  in  all  cases  of  sleeping  sickness.  The 


membranes  were  absent  in  both  pieces  of  tissue  so  I  cannot  say  they 
were  affected.  Apparently  there  was  evidence  of  glia  hyperplasia 
and  proliferation  in  the  subcortical  tissue.  Inasmuch  as 
subcortical  and  cerebellar  tissues  always  show  a  more  marked 
perivascular  infiltration  than  the  cortex  in  early  cases  it  would  have 
been  more  satisfactory  if  different  regions  of  the  cortex  could  have 
been  examined.  For  unless  the  perivascular  infiltration  affects 
diffusely  the  cerebral  cortex  (seat  of  consciousness)  one  would  not 
expect  marked  lethargy.  From  an  examination  of  a  large  number 
of  cases  of  sleeping  sickness  I  have  come  to  the  conclusion  that 
the  subcortical  structures  are  affected  primarily  and  that  there  is  a 
parallelism  between  the  depth  of  the  lethargy  and  the  intensity  an 
diffuseness  of  affection  of  the  meninges  and  cortical  vessels  wit 
neuroglia  proliferation  and  changes  in  the  nerve  cells.  A  large 
number  of  the  vessels  show  fibrin  filaments  indicative  o 
pneumonic  condition. 
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SOME  OBSERVATIONS  ON  MALARIA 
IN  RELATION  TO  SPLENIC  ENLARGE¬ 
MENT  AND  THE  TREATMENT  OF 
THE  CRESCENTIC  STAGE 

BY 

Dr.  N.  F.  SURVEYOR,  M.A.,  M.D.  (Bom.),  M.R.C.P.  (Lond.), 

PROCESSOR  OF  BACTERIOLOGY,  CRANT  MEDICAL  COLLEGE,  AND 
IION.  PHYSICIAN,  JAMSHEDJ  I  JIJ  EEBHOY  HOSPITAL 

(FROM  FRAMJI  DINSHAW  PETIT  LABORATORY,  AND  BACTERIOLOGICAL  DEPARTMENT, 
GRANT  MEDICAL  COLLEGE,  BOMBAY) 

{Received  for  publication  7  November ,  1910) 

During-  the  last  two  years  (1908  and  1909)  the  city  of  Bombay 
was  highly  infected  with  malaria,  the  malignant  tertian  type  being 
most  common.  This  was  most  marked  in  1908,  and  large  numbers 
of  cases  were  admitted  to  hospital.  Several  of  these  were  in  a 
moribund  state,  and  the  blood  was  found  to  contain  typical  rings  and 
crescents  in  large  numbers.  In  spite  of  such  severe  infection,  it  was 
noticed  that  many  of  them  had  absolutely  no  fever ,  and  the  principal 
Ngn  of  malarial  infection,  viz.,  splenic  enlargement ,  was  also  absent. 

I  he  patients  were  in  a  semi -comatose  stupid  state,  and  could  not 
he  made  to  understand  questions.  In  some  cases  parasites  were 
found  only  in  small  numbers,  and  several  slides  had  to  be  examined 
before  a  ring  or  a  crescent  could  be  detected.  The  crescents  were 
looked  for  in  several  flat  thick  drops,  which  were  fixed  by  being- 
heated  to  about  70°  C.  for  from  fifteen  to  twenty  minutes  after  drying 
them.  This  causes  the  serum  to  coagulate,  and  fix  the  leucocytes, 
blood  platelets,  malarial  crescents  and  filarial  embryos,  if  the  latter 
are  present.  The  haemoglobin  does  not  coagulate  at  this  temperature, 
and  can  be  washed  out  by  dipping  the  slide  in  distilled  water.  Tap 
water  is  not  suitable  if  the  Giemsa  stain  is  to  be  used,  as  the  salts 
m  the  water  precipitate  the  stain.  The  slide  is  then  stained  with 
Giemsa’s  stain  in  the  usual  manner.  This  method  is  similar  to  the 
thick  film  one  devised  by  Major  Ross. 
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Various  drugs  were  tried  to  stud)-  their  elfects  on  the  duration 
of  malarial  crescents  in  the  blood.  It  is  well  known  that  quinine 
has  not  much  action  on  them,  and  this  was  seen  to  be  the  case  in  the 
patients  under  my  care.  In  the  cases  under  observation,  although 
quinine  was  always  administered  in  15  grain  doses  at  the  least,  there 
was  very  little  reduction  noticed. 

Picric  acid  has  long  been  recommended  in  malaria,  but  to  my 
knowledge  it  is  not  stated  what  effects  it  is  supposed  to  produce  on 
these  organisms.  In  a  case  of  tertian  malaria  this  acid  was  tried 
without  the  least  benefit.  Its  study  was  taken  up  in  cases  of  crescents, 
such  of  the  cases  as  had  the  ring  forms  also  present  in  the  blood  had 
the  standard  treatment  with  quinine  ;  injections  of  the  latter  were 
also  resorted  to  in  severe  cases.  As  control  to  the  picric  acid  treatment 
some  of  the  cases  were  treated  only  with  quinine,  either  by  the 
mouth  alone  or  with  injections  as  well  ;  whilst  others  had  quinine 
together  with  mercury  perchloride,  arsenic,  salol  and  potassium  iodide. 
The  cases  treated  with  picric  acid  were  specially  selected  for  the 
severity  of  infection  with  crescents. 

18  cases  had  picric  acid  by  mouth. 

4  cases  had  injections  of  picrate  of  soda  (3  c.c.  daily  of  a 
4  per  cent,  solution). 

28  cases  had  quinine  (with  injections  in  six  cases). 

6  cases  had  quinine  together  with  mercury,  arsenic,  etc. 

The  dose  of  picric  acid  was  gr.  2  twice  or  thrice  a  day. 

Enormous  quantities  of  quinine  (between  500  and  700  grains  in 
different  cases,  as  much  as  915  grains  having  been  used  in  one  case) 
were  administered  both  per  os  and  hypodermically  without  any 
marked  effect  on  the  crescents,  but  on  the  whole  under  picric  acid 
treatment  the  crescents  seemed  to  disappear  sooner  than  by  any 
other  treatment,  as  can  be  clearly  seen  from  Table  ‘  A.’  During  the 
time  the  patient  is  having  the  acid,  the  skin,  the  nails  and  the  sclerae 
of  the  eyes  show  a  yellow  tinge  as  in  jaundice,  and  the  urine,  too, 
presents  a  similar  misleading  appearance.  But  on  adding  an 
inorganic  acid,  e.g.,  hydrochloric  or  nitric  acid,  the  colour  gets  paler 
and  not  deeper  as  in  the  case  of  urine  containing  bile.  In 
T able  ‘  A  ’  is  shown  the  number  of  days  during  which  the  crescents 
were  found  after  quinine  treatment  alone,  as  compared  with  those 
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cases  which  had  quinine  and  picric  acid  also,  in  the  cases  in  which 
more  or  less  complete  observations  were  possible. 

This  table  clearly  shows  that  cases  which  received  the  picric  acid 
treatment  lost  the  crescents  earlier  than  those  which  had  no  picric 
acid.  The  only  case  of  picric  acid  treatment  where  the  crescents 
continued  to  appear  in  the  blood  for  sixty-two  days  was  one  of  the 
most  severe  cases  of  malaria  that  1  have  seen.  The  patient,  who  was 
a  deaf  mute,  was  quite  moribund  for  days  together;  while  the 
analogous  case  without  picric  acid  treatment  from  the  start  showed 
very  few  crescents — in  fact,  the  ordinary  smears  did  not  show  any. 

The  cases  which  lost  their  crescents  within  ten  days  must  be 
regarded  as  cases  that  had  probably  come  at  the  end  of  the  crescent 
infection  stage  and  thus  lost  them  early. 

Out  of  four  cases  in  which  crescents  disappeared  between  ten  and 
twenty  days,  three  absconded,  and  hence  they  are  put  down  as 
incomplete  cases,  while  it  is  quite  possible  that  the  fourth  case  had 
come  at  the  end  of  the  crescentic  infection  ;  in  fact,  he  was  admitted 
for  croupous  pneumonia,  and  crescents  were  only  found  on 
examination  of  the  blood  as  a  routine  method.  It  is  not  at  all  likely 
that  the  pneurnococcic  infection  could  produce  destruction  of  the 
crescents,  because  the  case  in  the  simple  quinine  group  that  had 
crescents  for  sixty-two  days  was  also  suffering  from  the  same  disease 
at  the  time  of  admission  in  the  hospital.  In  the  quinine  group  which 
lost  the  crescents  between  twenty  and  thirty  days,  one  case  is 
marked  incomplete  for  the  same  reason,  viz.,  that  he  absconded 
with  the  crescents  in  the  blood. 

It  must  be  borne  in  mind  that  all  the  cases  that  received  the 
picric  acid  treatment  were  cases  of  specially  severe  infection,  so  that 
the  fact  that  fourteen  out  of  seventeen  lost  their  crescents  between 
ten  and  thirty  days  compares  very  favourably  with  the  four  out  of 
seventeen  of  the  quinine  group  which  lost  their  crescents  during  the 
same  period. 

Again,  on  referring  to  Table  '  B,’  one  finds  that  the  death-rate 
was  higher  in  the  quinine  treated  cases,  whether  those  had  the  spleen 
enlarged  or  not,  as  compared  with  cases  which  had  the  picric  acid 
treatment  also. 

Of  course  the  number  of  cases  is  not  large,  but  one  must  bear  in 
mind  that  crescent  rases  as  a  rule  are  not  found  in  large  numbers, 
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and  the  two  years  under  consideration  were  exceptional  in  the  fact 
that  their  number  was  far  in  excess  of  those  I  have  seen  in  past  years. 

Plehn,  at  the  British  Medical  Association  Meeting  in  1908,  made 
the  statement  that  the  longest  period  that  the  crescents  are  found  in 
the  blood  was  six  weeks;  but  in  two  of  my  cases  they  were  found 
exactly  for  two  months,  and  in  one  of  them  the  last  date  cannot  be 
determined,  as  the  patient  absconded  from  the  hospital.  Further, 
one  has  to  consider  the  fact  that  we  have  no  means  of  determining 
the  date  of  the  first  appearance  of  the  crescents  in  the  blood,  as  all 
the  patients  were  admitted  in  a  very  advanced  state  of  the  disease. 
Thus  the  total  duration  of  the  existence  of  these  parasites  must  be 
more  than  two  months. 

Another  statement  by  the  same  author  concerns  the  diagnosis  of 
such  cases  with  crescents  by  increased  urobilin  in  the  urine.  The 
use  of  an  alcoholic  solution  of  zinc  acetate  and  Lugol’s  solution  is 
described  by  him  as  the  most  delicate  test.  Both  these  points  1  was 
not  able  to  confirm  in  my  series  of  cases.  Many  of  these  crescents 
cases  showed  no  increase  of  urobilin  except  in  the  very  early  stage, 
and  generally  at  this  stage  the  rings  are  still  present,  so  that  the 
urobilin  is  to  be  attributed  rather  to  the  blood  destruction  by  the 
rings  than  to  the  presence  of  the  crescents. 

Of  the  two  cases  which  showed  crescents  for  two  months,  one 
lad’  from  the  start  very  few,  and  still  they  persisted  for  the  time 
stated.  1  his  patient  had  only  quinine  treatment.  The  other  had  a 
very  heavy  infection,  and  when  admitted  was  moribund,  and  so  was 
put  on  picric  acid  treatment,  but  as  she  hardly  ever  swallowed  her 
medicine,  injections  of  picrate  of  soda  had  to  be  resorted  to  for  a 

lew  days  during  the  second  month,  and  then  the  crescents  soon 
disappeared. 

he  injections  ot  piciate  of  soda  were  not  found  to  produce  any 
qmcker  results  than  the  method  of  administration  of  picric  acd  by 
he  mouth  ;  however,  m  the  case  mentioned  above  it  was  necessary,  as 
the  pattern  would  not  take  the  medicines  readily. 

The  method  of  preparing  the  solution  of  picrate  of  soda  for 
injection  is  as  follows  :  - 

drop’  a  mJ.g  .olotion'of’TodLm  "hydrate  ratine 'th'?  <‘““llcd  “d  t0  ,h“  add>  dr°P  b> 

”f  di-methyl-amido-azo-benzol  till  the  iSte  „„  loLrram,  red"  m  “m'  “"t  '"t  T'Tl 
turn*  red  and  siihs«.riii<.r.el..  (  i  i  S  turns  rcd-  (do  not  stop  when  the  dimethyl 

subsequently  fades,  but  go  on  adding  the  sodium  hydrate  solution  till  no  change  of 
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colour  occurs.)  Confirm  with  phenol-phthalcin  to  sec  that  no  change  of  colour  occurs ;  this  latter 
is  necessary  to  ascertain  whether  the  solution  has  become  too  alkaline  or  not.  At  this  stage,  most 
of  the  picric  acid  is  dissolved  up.  Make  up  the  solution  to  ioo  c.c.  with  distilled  water;  3  c.c. 
of  this  solution  is  put  up  in  test-tubes  and  sterilised  at  120°  C.  in  the  autoclave.  As  the  water 
evaporates  in  these  tubes  crystals  are  deposited,  which  can  be  readily  dissolved  either  by  slightly 
warming  the  tube  or  adding  a  few  drops  of  sterile  distilled  water.  The  injections  are  no  more 
painful  than  ordinary  injections  of  vaccine,  and  do  not  produce  any  marked  reaction,  nor  is  there 
any  nodule  or  swelling  noticed  at  the  site  of  injection.  Scarcely  any  pain  is  present  after  24  hours, 
so  that  there  is  no  difficulty  in  injecting  about  3  c.c.  of  this  solution  on  consecutive  days. 

It  will  be  noticed  from  the  Table  ‘  B  ’  showing  the  percentages 
of  recovery  and  death  in  these  cases,  that  the  percentage  of  death 
was  nearly  double  in  cases  not  treated  with  picric  acid  as  compared 
with  those  treated  with  the  drug.  Again  a  very  interesting  point 
noticed  in  all  these  observations  was  the  fact  that  the  mortality  was 
higher  in  cases  where  the  patient  had  no  obviously  enlarged  spleen. 
In  some  of  these  cases  where  a  post-mortem  examination  was 
obtained,  the  weight  of  the  spleen  was  not  much  above  the  normal, 
and  in  one  case  it  was  found  quite  small  and  tough. 

Cases  of  benign  tertian  fever  are  generally  mild,  and  splenic 
enlargement  is  not  noticeable  in  most ;  however,  in  my  series  of 
twenty-seven  cases  of  a  fairly  severe  type  of  this  infection  three 
cases  ended  fatally,  and  none  of  them  showed  any  splenic 
enlargement.  In  the  cases  of  malignant  tertian  infection,  either 
alone  or  combined  with  benign  tertian,  the  mortality  was  very  high 
in  cases  where  the  spleen  was  not  found  to  be  obviously  enlarged. 
T  hus  the  splenic  enlargement  may  be  looked  upon  as  a  protective 
response  on  the  part  of  the  organism  to  the  attack  of  the  malarial 
parasite;  and  in  a  case  where  this  response  does  not  occur,  it  has 
a  tendency  to  end  fatally.  Of  course  in  mild  cases  the  response  is 
also  slight,  but  when  one  considers  cases  of  moderate  or  extreme 
severity,  this  fact  is  most  evident. 

1  his  appears  to  be  a  natural  consequence  when  one  considers 
the  fact  that  it  is  the  spleen  that  is  most  concerned  in  the  destruction 
°t  these  parasites.  The  spleen  may  be  called  the  battlefield  and 
the  burial  ground  of  the  malarial  parasites.  Thus  the  splenic 
response  is,  to  my  mind,  a  very  important  feature  for  purposes  of 
prognosis. 

There  were  some  minor  points  noticed  in  the  course  of  the 
investigation  which  may  be  mentioned  here.  Thus  one  comes  across 
eases  where  quinine  is  not 'absorbed  at  all  per  os,  and  no  amount  of 
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administration  by  that  method  is  of  any  avail.  Thus  in  one  of  my 
cases  of  mixed  infection,  i.e.,  benign  tertian  and  malignant  tertian. 
I  found  that  no  evidence  of  an  alkaloid  could  be  obtained  in  the 
urine  by  the  picric  acid  and  gold  chloride  tests,  although 
the  patient  was  getting  fifteen  to  thirty  grains  of  quinine 
hydrochloride  daily.  Together  with  this  I  found  that  the  attacks 
of  fever  continued  in  spite  of  the  quinine  by  the  mouth. 
Hypodermic  injections  of  quinine  had  to  be  resorted  to,  and  the 
urine  at  once  showed  the  alkaloidal  test.  The  temperature  became 
normal,  and  continued  to  be  normal  for  a  few  days.  Another 
attack  of  fever,  due  probably  to  a  fresh  infection,  occurred,  and 
quinine  was  injected  with  equally  good  result.  However,  I  had  to 
persist  injecting  it  about  half  a  dozen  times  and  ultimately  this  had 
no  effect  too;  the  urine  at  that  time  was  found  to  be  free  from 
quinine,  thus  showing  that  the  injected  quinine  was  not  being 
absorbed. 

The  toleiance  of  the  malarial  parasite  to  quinine  is  also  possible, 
as  in  some  cases  the  patient  gets  an  attack  showing  parasites  in  his 
blood,  although  he  may  be  taking  ten  to  fifteen  grains  of  quinine 
daily.  At  this  stage  it  is  found  necessary  to  increase  the  amount 
of  the  drug. 

In  an  interesting  paper  on  malaria  by  Darling*  it  is  stated  that 
the  number  of  gametes  diminish  under  quinine  administration.  He 
cites  only  one  case,  No.  48987  (vide  Table  ‘  C  ’)  to  show  that  no 
diminution  occurred  when  quinine  was  withheld.  However,  one 
must  bear  in  mind  that  the  patient  had  non-sexual  forms  also 
present  m  his  blood  at  the  time  when  these  observations  were  made; 
and  as  quinine  was  withheld  there  is  a  likelihood  of  fresh  gametes 
being  continually  formed. 

If  one  studies  the  table  carefully,  one  can  see  that  at  first  there 
is  a  diminution  in  the  number  of  gametes,  and  only  in  the  last  count 
a  sudden  increase  was  noticed.  This  shows  that  gametes  can 
isappear  even  when  no  quinine  is  administered,  and,  therefore,  we 
ave  up  to  now  no  evidence  to  show  that  quinine  has  any  effect  in 
diminishing  the  number  of  gametes.  It  is  unfortunate  that  the 
observation  was  not  made  in  Case  No.  53,937,  which  was  free  from 
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young  asexual  forms.  Recently  observ  ations  on  these  lines  have  been 
undertaken  by  me  which  will  be  published  at  ;i  future  date. 

Recently  a  case  of  crescents  with  rings  has  been  put  on  quinine 
gr.  30  per  day  till  no  rings  could  be  detected.  After  that  the 
quinine  has  been  stopped,  and  blood  smears  and  drops  have  been 
examined  at  short  intervals  to  see  whether  the  crescents  can  diminish 
without  the  administration  of  quinine.  The  annexed  Table  ‘D’ 
shows  that  there  is  a  natural  tendency  for  crescents  to  diminish  even 
when  no  quinine  is  administered.  The  patient  has  no  fever.  Liver 
and  spleen  are  both  moderately  enlarged.  The  patient  has  symptoms 
of  dyspepsia,  general  debility  and  irritability  of  temper.  This  latter 
characteristic  has  been  often  noticed  in  crescent  cases.  The  drops 
show' a  large  and  varying  number  of  crescents,  although  when  counted 
in  smears  one  does  not  come  across  such  marked  differences.  This 
shows  that  the  counting  of  the  smears  is  not  a  correct  guide  for  the 
actual  number  of  crescents  in  the  blood.  The  diameter  of  each  drop 
was  between  8  and  9  mm.,  and  the  crescents  were  counted  in  these 
at  an  interval  of  a  few  days.* 


Table  A 


No.  of  days  that  the  crescents 
took  to  disappear  from  the  blood 
when  examined  in  drops 

No.  of  cases 
treated  with 
picric  acid 

No.  of  cases 
where  no  picric 
acid  was  given 

Remarks 

Less  than  10  days 

r 

Between  10  and  20  days 

7 

4 

t3  incomplete 

”  20  »  30  „ 

7 

4 

ti  „ 

»  3°  i)  40  „ 

1 

7 

1  died  on  34th  day 

”  40  „  So  „ 

0 

0 

»  5°  >,  60  „ 

0 

0 

60  days  and  over 

ll 

1 

In  Table  D  it  will  be  noticed  that  the  number  of  crescents  in  the  drops  on  the  first  occasion 
"a>  very  great,  and  that  on  the  third  day  there  has  been  a  sudden  fall,  which  was  kept 
“P*  a  cert:>in  extent  in  subsequent  counts  also.  Quinine  administration  was  stopped  on  the 
V  ,^ePtem.*5cr5  I9lo>  and  since  then  none  has  been  given.  Is  it  likely  that  quinine  actually  retards 
5  c  destruction  of  crescents  hv  lowering  phagocytic  activity  ?  This  is  a  question  worth  considering 
*n  future  observations.  '  ' 


t  These  cases  absconded  with  crescents  in  their  blood,  and  the  results  could  not  be  completely 

ascertained. 


*  My  notes  on  this  case  arc  : — Total  quantity  of  quinine  given,  915  grains.  Total  quantity 
0  picric  acid  by  mouth,  182  grains.  Patients  hardly  ever  swallowed  these  medicines.  In  spite 
°.  the  qwaine,  rings  were  found  in  the  blood  a  month  after  the  commencement  of  treatment,  this 
circumstance  being  accounted  for  by  the  drug  not  having  been  taken  properly.  Injections  of 
picrate  of  soda  were  therefore  commenced.  Ten  injections  were  given,  one  on  every  alternate 
ay  in  all  30  c.c.  of  a  4  per  cent,  solution,  i.c..  18  grains  of  the  acid  were  used  during  a  period  of 
da.v^  29th  December,  1909,  to  19th  January.  1910).  Crescents  disappeared  in  29  days 
er  the  first  injection,  and  thev  were  present  altogether  for  exactly  two  months. 


34° 


-2  E 


60 


-c  _u  C 

'?  §  i 

■c’H-Sf 


■s.a  £ 
*  s ! 

'ge.SP 


5  " 

2  c 

—  n 
*2  .2  C 

?  jj  & 

•w  O.  fc 


.■£  £ 
*•§  ! 
lit 


“  § 


e  .a 


I!  i 

2. 

n  —  r 
•o  O  JJ 
n  -o  -a 


«  ."2 
c 
o 
E 

Mi 


—  «5  -C 


1  l 

£  S 

s  w, 

m  h 


c 

1-. 

o 

o 


* 


=K 


¥ 


*-  c 
c 

«  ,y 

t* 


'tfj  c. 

•3  « 


o  u 

£  j= 


1.1 


'Z 
•*-  r 

C 

.fcf/ 

.§ 

.11 

c  £ 

o  £ 

*re 

c 

“  (S 

& 

s. 

7% 

o 

C2 

34* 


Table  C.— Case  No. 

48,987.  Darling’s 

Paper 

1908 . 

November 

November 

November 

November 

December 

Date  . 

11 

2+ 

27 

i 

'  3° 

4 

Crescents  .. 

l6 

27 

12 

8 

20 

Table  D.- 

-Case  No.  621. 

Shewing  the 

natural  diminution  in  the  number  of  crescents 

without  any  quinine  treatment. 


On  2 1 st  September,  1910,  rings  and  crescents  were  detected  in  smears;  on  and  after  29th 
September,  1910,  when  observations  were  commenced,  no  rings  could  be  detectcc . 


Smear 

Drops 

Date 

Poly¬ 

morphs 

Eosino- 

philes 

Large 

tyalines 

Lym¬ 

phocytes 

No.  of 
crescents 
per  100 
leuco- 

Number  of  crescents  in 
each  drop 

8-9  mm-  diameter 

cytes 

1910 

2Q  September 

72 

t 

5 

22 

5 

149 

269 

38 1 

3°  „ 

69 

0 

4 

27 

3 

— 

— 

i  October 

69 

2 

3 

26 

3 

18 

40 

65 

* 

70 

1 

5 

24 

5 

— 

— 

— 

3  „ 

58 

0 

5 

37 

3 

— 

— 

4  ,, 

76 

0 

7 

'7 

1 

_ 

— 

- - 

5 

79 

.1 

2 

26 

t 

|  — 

— 

' 

^  „ 

66 

2 

6 

26 

0 

12 

25 

29 

7 

65 

t 

4 

3° 

0 

— 

— 

9 

67 

1 

4 

18 

1 

— 

— 

— 

11  „ 

60 

3 

8 

29 

1 

2 

10 

O 

'5  „ 

54 

1 1 

12 

23 

0 

I 

2 

0 

20  „ 

62 

5 

7 

26 

0 

O 

O 

0 
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ON  THE  PECULIAR  MORPHOLOGY 
OF  A  TRYPANOSOME  FROM  A  CASE 
OF  SLEEPING  SICKNESS  AND  THE 
POSSIBILITY  OF  ITS  BEING  A  NEW 
SPECIES  (T.  RHODESIENSE)* 


BY 


J.  w.  W.  STEPHENS,  M.D.  (Cantab),  D.P.H., 


AND 


H.  B.  FANTHAM,  D.Sc.  (Lond.),  B.A.  (Cantab.) 

(. Received  for  publication  16  December ,  191O; 

PREFATORY  NOTE 

As  already  stated  in  a  report  to  the  Advisory  Committee  for 
the  Tropical  Diseases  Research  Fund,  dated  May  9>  '910’  no  1C 
early  in  February,  1910,  while  examining  in  class  work  a  staine 
specimen  of  rat’s  blood  infected  with  what  was  suppose  to  e 
T.  gambiense,  a  marked  peculiarity  in  the  morphology  • 
peculiarity  was  so  striking  that  I  doubted  whether  the  trypanosome 
with  which  I  was  dealing  was  really  T.  gambiense.  On  ma  mg 
enquiries  I  was  told  that  the  strain  was  deri\ed  from  a  cas® 
sleeping  sickness  then  in  Prof.  Ross’s  clinic  in  the  Ro)  al 
Hospital,  Liverpool.  To  make  certain  that  there  was  no,  error  in 
this  statement  I  myself  infected  a  rat  from  the  patients 
The  same  forms  were,  however,  again  encountered.  After  con\  inci  g 
myself  that  these  forms  were  constantly  present  in  in  ecte  r  ’ 
and  that  they  were  not  shown  by  the  rats  infected  wlt  ^c°rn 
laboratory  strain  of  T.  gambiense  maintained  at  tie  1 
Laboratory,  I  decided  through  pressure  of  work  to  as  r-  , 

(now  working  in  the  Liverpool  School  of  Tropical  -  e  >icin®’  g 
funds  allotted  by  the  Advisory  Committee  for  the  ropica 

*  Read  before  The  Royal  Society  on  Nov.  3,  1910'  and  rePrmtcd  fr0!"  P‘°L'  ^ 

Vol.  LXXXIII,  p.  28,  with  addenda. 
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Research  Fund)  to  be  so  good  as  to  assist  me  in  the  description  of 
the  morphology  of  this  trypanosome.  The  following  paper  is  the 
outcome  of  our  joint  work. — [J.  W.  W.  Stephens.] 

HISTORY  OF  THE  STRAIN 

The  trypanosomes  used  during  this  investigation  were  obtained 
from  W.A.,  male,  aged  26,  a  native  of  Northumberland,  who  was 
infected  in  North-East  Rhodesia  in  September,  1909.  It  is  necessary 
to  set  forth  the  itinerary  of  W.A.  while  in  Africa,  as  he  was  never 
actually  in  an  area  infested  with  Glossina  palpalis ,  so  far  as  records 
are  available,  and  indeed  was  never  nearer  (Kasama)  than  some 
eighty-six  miles  from  such  an  area. 

Fie  first  went  to  South  Africa  in  July,  1904,  living  in 
Johannesburg  till  the  end  of  1906.  He  then  went  to  Salisbury  for 
two  years.  About  the  end  of  November,  1908,  he  left  Salisbury 
for  North-Eastern  Rhodesia,  with  a  view  to  prospecting  for 
minerals.  The  party  consisted  of  two  Europeans  and  ten  natives. 
On  the  journey  northwards  he  passed  through  Fort  Jameson, 
Landazi,  and  Chinsali  to  Kasama,  where  he  arrived  about  the 
beginning  of  June,  1909.  During  this  northward  journey,  W.A. 
passed  through  an  area  infested  by  Glossina  morsitans.  He  stayed 
two  months  at  Kasama,  a  place  from  which  we  have  no  records  of 
any  species  of  Glossina  *  On  the  return  journey  he  passed  through 
Mpika  (where  Glossina  morsitans  occurs),  Serenje  (no  records  of 
Glossina),  and  Mzaza  (where  there  is  Glossina  morsitans).  He  left 
Mzaza  on  September  10,  and  travelling  along  the  Luangwa  River  he 
leached  Feira  on  September  28.  During  this  part  of  the  journey 
he  would  pass  through  an  area  infested  by  Glossina  fusca,  between 
Mzaza  and  Hargreaves. 

He  first  fell  ill  on  September  20,  but  after  a  rest  of  two  days 
continued  his  journey.  A  short  stay  was  made  at  Feira,  and  then 
the  return  journey  was  continued  through  the  Hartley  district  to 
Salisbury,  where  it  was  found  that  he  and  one  nativet  were  suffering 
from  trypanosomiasis — parasites  being  found  in  his  blood  in  Africa 
on  November  17,  1909. 

*  Bagshawc,  S.S.  Bulletin.  No  18.  June,  rqio,  p.  197. 

t  The  infection  of  the  native,  at  first  reported,  has  since  been  stated  to  be  a  mistake. 
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The  patient  stated  that  he  had  never  been  near  either  Lake 
Tanganyika,  Lake  Mweru  or  the  Luapula  River,  which  are  known 
to  be  infested  by  Glossina  palpalis.  He  thought,  himself,  that  he 
contracted  trypanosomiasis  while  travelling  along  the  Luangwa 
River,  between  Mzaza  and  Feira.  The  Luangwa  Valley  is  heavily 
infested  with  Glossina  morsitans ,  but  Glossina  palpalis  has  not  yet 
been  found  along  the  course  of  this  river. 

Dr.  Bagshawe’s  article,  already  noted,  on  *  The  Transmission  in 
nature  of  Trypanosoma  gambiense*  should  be  consulted  as  to  cases 
of  sleeping  sickness  contracted  in  areas  infested  by  Glossina 
morsitans. 

We  may  note  that  the  case  of  W.  A.  has  been  studied  by  R.  Ross 
and  D.  Thomson,*  who  have  found  a  regular  periodical  increase 
in  the  numbers  of  the  trypanosomes  in  the  peripheral  blood  of  the 
patient  from  day  to  day. 

It  is  also  of  interest  to  record  that  the  Rhodesian  strain  of 
trypanosome  from  W.A.  is  somewhat  more  virulent  to  rats  and 
guinea-pigs  than  the  old  laboratory  strain  of  T.  gambiense ,  a  fact 
already  confirmed  by  other  workers  in  the  laboratory.  Further, 
this  Rhodesian  trypanosome  is  resistant  to  atoxyl. 

MORPHOLOGICAL  FEATURES 

It  may  be  stated  at  once  that  the  peculiarity  of  this  Rhodesian 
trypanosome  is  that  among  the  stout  or  stumpy  forms  some  have 
the  nucleus  at  the  posterior  (non- flagellar)  end. 

As  will  be  seen  from  the  accompanying  figures  (Plate  XXII,  figs. 
--I0),  the  position  of  this  ‘  posterior  ’  nucleus  varies.  Starting  from 
the  stumpy  forms  in  which  the  nucleus  is  in  the  middle  (fig.  0.  we 
have  all  transitions  (figs.  2-8)  up  to  that  in  which  the  nucleus  is 
actually  terminal  (fig.  9)  and  posterior  to  the  blepharoplast 
'kinetonucleus). 

We  may  meet  here  any  objections  that  may  be  raised  that  the 
trypanosomes  with  posterior  nucleus  are  due  to  distortion,  dried 
hlins  being  used,  because:  — 

L  We  have  never  found  them,  though  persistently  looked  for, 
in  films  from  the  same  animals  infected  with  the  old  laboratory 

*  Roy.  Soc.  Proc.,  B.,  1910.  Vol.  LXXXII,  pp.  4"--Kv 


strain  of  T.  gambiense  (figs.  21-25),  treated  in  the  same  way, 

i.e.,  dried  films; 

2.  Further,  we  have  examined  the  trypanosomes  under 
discussion,  by  intra  vitam  staining  with  methylene  blue — by  this 
method  the  posterior  position  of  the  nucleus  can  be  seen ;  and  finally, 

3.  We  have  fixed  wet  films  with  sublimate-alcohol  and  with 
osmic  vapour  respectively,  and  subsequently  stained  them  with 
haematoxylin,  and  found  the  same  forms. 

Rats  inoculated  with  the  Rhodesian  strain  usually  show  a  few 
long  thin  trypanosomes  in  the  peripheral  blood  in  about  three  days. 
The  stumpy  forms  of  trypanosomes  with  the  nucleus  posterior  (figs. 
2-10)  appear  about  the  fifth  or  sixth  day,  and  from  this  time 
onwards  somewhat  increase  in  number  up  to  the  seventh  to  eleventh 
day.  They  then  form  about  six  per  cent,  of  the  trypanosomes 
present,  but  may  decrease  again,  varying  from  day  to  day.* 

These  stumpy  forms  with  posterior  nucleus  (as  depicted  in 
figs.  2-8)  are  ijn  to  21  //  long  and  2/U  to  3/i  broad.  The  nucleus 
often  shows  a  karyosome,  and  when  at  the  level  of  the  blepharoplast 
is  often  kidney-shaped  (fig.  8).  There  is  a  well  marked 
blepharoplast  (kinetonucleus)  and  a  definite  undulating  membrane 
with  a  flagellar  border  which  terminates  in  a  very  short  free 
flagellum.  The  cytoplasm  of  these  forms  is  granular,  especially  at 
the  anterior  (flagellar)  end,  where  coarse  granules  are  seen  in  life, 
which  granules  are  found  to  be  chromatoid  in  nature  on  staining 
(figs.  2,  3,  5,  and  8).  These  cytoplasmic  characters  are  very  like 
those  seen  in  ordinary  stumpy'  forms  of  T.  ganibiense  (fig.  25). 
Sometimes  a  stained  line  is  clearly  seen  in  the  stout  forms,  joining 
the  blepharoplast  to  the  nucleus  (fig.  10).  We  have  little  evidence 
as  to  the  relationship  of  these  forms  with  posterior  nucleus  to  the 
stumpy  forms  with  the  nucleus  in  the  ordinary  (central)  position 
(fif>-  0»  so  content  ourselves  with  pointing  out  that  the  existence 
of  trypanosomes  with  posterior  nuclei  is  quite  characteristic  of  this 
Rhodesian  strain,  and  is  so  marked  a  feature  that  we  are  always 
able  in  films  to  distinguish  it  from  the  old  laboratory  strain  of 
T .  ganibiense . 

These  forms  with  the  posterior  nuclei  are  not  confined  to  rats 

*  The  infected  rats  live  about  a  fortnight.  After  the  posterior  nuclear  trypanosomes  are  once 
seen  they  can  be  found  on  every  subsequent  day  till  the  death  of  the  infected' host. 
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(30  '  passages  ’),  but  occur  also  in  Macacus  rhesus  (observed  by  Dr. 
Yorke),  rabbits,  and  guinea-pigs  infected  with  this  strain.  We  have 
been  unable  to  detect  these  forms  in  the  case  of  sleeping  sickness 
itself,  for  the  number  of  trypanosomes  present  in  the  blood  was 
always  extremely  scanty,  and  in  infected  rats  showing  an  equally 
small  number  of  trypanosomes  we  have  also  never  been  able  to 
find  them. 

A  subsidiary  but  perhaps  not  unimportant  point  in  the 
Rhodesian  strain  is  that  many  of  the  ordinary  long  forms  have  an 
elongated  posterior  end,  and  may  be  termed  ‘  snout  ’  forms  (figs. 
13-17).  The  ‘snout’  forms  occur  more  especially  during  the  first 
half  or  two-thirds  of  the  period  of  infection  in  rats.  1  hese  elongate 
forms,  while  not  absent  in  the  old  laboratory  strain  of  T.  gambiense , 
yet  are  certainly  more  numerous  in  the  Rhodesian  strain,  and  even 
by  means  of  this  feature  we  are  able  to  distinguish  the  strains. 
‘Snout’  forms  were  frequently  seen  in  the  blood  of  W.A.  (figs.  H> 
16),  and  in  guinea-pigs.  Bruce  and  Nabarro*  have  already  noted 
these  forms  with  elongate  posterior  ends. 

Again,  although  forms  with  the  blepharoplast  terminal  (figs. 
18,  19)  are  found  in  the  Rhodesian  strain,  they  are  less  numerous 
than  similar  trypanosomes  with  terminal  blepharoplast  in  the  old 
laboratory  strain. 

We  may  also  note  in  passing  that  pear-shaped  (fig.  1 0  01 
rounded  forms  with  little  or  no  free  flagellum  are  not  uncommon 
in  the  Rhodesian  strain. 

SUMMARY  AND  CONCLUSIONS 

1.  We  attach  some  importance  to  the  fact  that  the  patient  (now 
dead)  from  whom  this  strain  was  derived  was  never,  as  far  as 
careful  enquiries  could  elicit,  in  a  Glossina  palpalis  area,  but  had 
been  in  many  Glossina  morsitans  areas,  and  very  probably  in  a 
small  Glossina  fusca  area. 

2.  These  posterior  nuclear  forms  (figs.  2-10)  have  not,  as  far 
as  we  are  aware,  been  described  either  in  the  blood  of  sleeping 
sickness  patients  or  in  the  blood  of  animals  infected  with 
^ ■  gambiense.  Seeing  how  many  competent  observers  have  worked 

*  Roy.  Soc. :  Reports  of  the  Sleeping  Sickness  Commission,  No.  I,  Pi-  2.  Hg-  4- 
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with  T.  gambiense ,  this  is  a  striking  point  and  can  hardly  be  an 
oversight. 

3.  We  ourselves  have  been  unable  to  find  posterior  nuclear  forms, 
though  constantly  searched  for,  in  the  blood  of  rats  infected  with 
the  old  laboratory  strain  of  T.  gambiense. 

4.  Posterior  nuclear  forms  exist  also,  as  is  well  known,  in 
T.  transvaaliense ,  and  by  Liihe  these  are  regarded  as  developmental 
stages  of  T .  tkeileri.  Whether  this  be  so  or  not,  the  condition  is 
not  parallel  to  the  one  under  discussion,  for  the  differences  in 
T.  tkeileri  are  characteristic  of  all  strains  of  this  trypanosome,  but 
the  forms  which  we  have  described  in  this  paper  have,  we  believe, 
never  been  seen  before  in  any  strain  of  T.  gambiense  in  man  or 
animals. 

5.  We  are  aware  that  parasitic  flagellates  may  exhibit 
morphological  variations  due  to  changes  in  metabolism  or  to 
differences  in  environment.  However,  this  Rhodesian  strain  of 
trypanosome  with  posterior  nucleus  was  seen  in  rats  infected  from 
the  patient  before  he  was  treated  with  drugs.  At  first  sight  also 
it  might  appear  that  the  posterior  nucleus  denoted  merely 
approaching  division  or  even  assumption  of  the  round  form. 
However,  wc  have  seen  division  of  these  posterior  nuclear  forms 
(fig.  12).  In  any  case  the  peculiar  morphological  feature  exhibited 
by  the  Rhodesian  trypanosome,  in  the  possession  of  a  posterior 
nucleus,  has  not  been  recorded  before. 

As  to  the  meaning  to  be  attached  to  these  forms,  we  will  consider 
the  following  main  possibilities:  — 

( a )  That  we  are  dealing  with  a  ‘  variety  ’  or  ‘  local  race  ’  of 
/  .  gambiense  due  to  some  change  of  environment.  The  possibility 
in  this  case  exists  of  7 .  gambiense  having  been  conveyed  by  a 
species  of  Glossina  other  than  Glossina  palpalis,  which  may  account 
for  the  peculiar  morphology  we  record ;  but  it  must  be  added  that 
we  have  no  knowledge  of  any'  other  trypanosome  undergoing 
similar  changes  owing  to  such  a  cause.  That  it  is  a  ‘laboratory’ 
variation  we  think  is  out  of  the  question,  as  all  the  known  laboratory 
strains  of  T.  gambiense  are  practically  identical  in  morphology'. 

(b)  1  hat  we  are  dealing  with  a  new'  species  of  trypanosome  also 
producing  Sleeping  Sickness  in  man.  In  support  of  this  view  there 
is  fnstly',  the  morphology'',  which  considered  alone  is  strong  evidence, 
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since  the  Rhodesian  trypanosome  differs  from  T .  gambiense  more 
than,  for  instance,  T.  brucei  does  from  T.  evansi.  Secondly-,  there 
is  the  history,  taken  in  connection  with  the  fact  that,  so  far  as  we 
know,  T.  gambiense  is  conveyed  solely  by  Glossina  palpalis ,  but 
even  should  it  prove  that  Glossina  palpalis  exists  in  the  districts 
through  which  W.A.  travelled,  then  all  the  more  probable  is  it 
that  we  are  dealing  with  a  new  species  of  trypanosome. 

It  seems  to  us,  however,  that  it  is  difficult  in  the  absence  of 
further  knowledge  to  discriminate  with  certainty  between  these 
views.  Yet,  on  account  of  its  peculiar  morphological  features,  this 
Rhodesian  trypanosome  at  least  merits  a  distinct  designation  as 
T.  gambiense  rhodesiense ,  adopting  the  trinomial  nomenclature. 
Our  own  view,  however,  is  that  we  are  dealing  with  a  new  species 
of  human  trypanosome  for  which  we  propose  the  name  Trypanosoma 
rhodesiense. 

ANIMAL  REACTIONS  OF  T.  RHODESIENSE 


The  following  table  has  been  compiled  from  the  data  obtained 
by  Dr.  Yorke.  For  full  details  his  paper*  should  be  consulted. 


Duration  of  life  in  days 

- - 

Animal 

Duration  of  life  in  days 

a  1 11 1111  >t  & 

T.  rhodesiense 

T.  gambiense 

7.  rhodesiense 

T.  gambiense 

Monkey — 

Guinea-pig 

11 

39 

39 

41 

42 

1 20  A 

134 

M.  rhesus 

» 

9 

11 

27 

91 

»»  ••• 

H 

11 

1) 

52 

76 

160 

167 

C.  callitbricus 

8 

108 

11 

11 

82 

1) 

10 

149 

Dog  . 

9 

12 

64 

34A 

C.  ruber 

H 

— 

>1 

11  • 

11 

13 

i3 

— 

Rabbit 

19 

60 

Goat  . 

45 

46 

85 

150A 

11 

'9 

109 

11 

55 

— 

11 

26 

125 

11 

» 

11  ••• 

11 

26 

3° 

32 

140 

64A 

90A 

Donkey  . 

11 

28 

54 

- 

11 

45 

150A 

Pony  . 

38 

— 

11 

32  A 

Ncg- 

_ _ _ _ 

—  signifies  no  experiment.  A  signifies  still  alive. 
*  Annals  Trop.  Med.  and  Parasit.,  Vol.  IV,  No.  3,  p-  3^7- 
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EXPLANATION  OF  PLATE  XXII. 

All  figures  drawn  with  Abbe  camera  lucida,  using  2  mm. 

apochromatic  objective  and  12  compensating  ocular  (Zeiss). 

Magnification  1800  diameters  approximately. 

Figs.  1-20. — Rhodesian  strain  of  human  trypanosome.  Figures 
drawn  from  parasites  in  the  blood  of  rats,  except  where 
otherwise  stated. 

Fig.  1. — Stout  form  with  nucleus  median. 

Figs.  2-8. — Stout  and  stumpy  forms,  each  with  posterior  nucleus. 

The  nucleus  is  seen  gradually  to  become  more  posterior, 
till  it  lies  behind  the  blepharoplast  (fig.  9). 

Fig.  10. — Posterior  nuclear  form  with  line  connecting  blepharoplast 
and  nucleus. 

big.  11. — Posterior  nuclear  form  becoming  rounded. 

Fig.  12. — Posterior  nuclear  form  showing  division. 

Figs.  13-17. — ‘Snout’  forms.  (Figs.  13,  15  from  rat’s  blood,  figs. 
14,  16,  17  from  man.) 

Figs.  18,  19. — Forms  with  terminal  blepharoplast. 

Fig.  20. — Multiple  division  form,  with  four  blepharoplasts  and  two 
nuclei.  Such  parasites  are  not  uncommon  in  the 
Rhodesian  strain. 

Figs.  21-25. — Various  trypanosomes  drawn  from  the  blood  of  rats 
infected  with  the  old  laboratory  strain  of  T.  gambiense. 
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ON  THE  PATHOGENICITY  OF  A 
TRYPANOSOME  (T.  RHODESIENSE, 
STEPHENS  AND  FANTHAM)  FROM 
A  CASE  OF  SLEEPING  SICKNESS 
CONTRACTED  IN  RHODESIA 

BY 

WARRINGTON  YORKE,  M.D. 

(From  the  Runcorn  Research  Laboratories  of  the  Liverpool  School 
of  Tropical  Medicine ) 

( Received  for  publication  5  December ,  1910) 

The  question  as  to  whether  more  than  one  trypanosome  acts  as 
a  pathogenic  agent  in  man  is  one  which  in  the  past  has  been  much 
discussed.* 

The  findings  of  practically  all  workers  are  agreed  in  deciding 
that  the  trypanosomes  infecting  human  beings  in  different  parts  of 
tropical  Africa  are  identical. 

Recently,  however,  doubt  has  been  expressed  regarding  the 
identity  of  a  human  trypanosome  of  Rhodesia  with  that  of 
T.  gambiense^ . 

In  December,  1909,  a  patient,  W.A.  (European),  suffering  from 
trypanosomiasis,  was  admitted  into  Major  Ross’s  clinic  in  Liverpool. 

So  far  as  could  be  ascertained  the  patient  had  never  been  into 
any  of  the  districts  in  which  G .  palpalis  is  known  to  occur.  Exactly 

*  CasteUani.  ■  Researches  on  the  Etiology  of  Sleeping  Sickness,’  Jour,  of  Trop.  Med.  and  Hyg., 
P-  167,  1903. 

Thomas  and  Linton.  ‘  A  comparison  of  the  animal  reactions  of  the  Trypanosomes  of  Ugan 
and  Congo  Free  State  Sleeping  Sickness  with  those  of  T.  gambiense,'  Lancet,  May  4>  9  4- 
Plimmer.  *  Note  on  the  effect  produced  on  Rats  by  the  trypanosomata  of  Gambian  fever  an 
Sleeping  Sickness,’  Proc.  Roy.  Soc.,  No.  504,  p.  388,  i9°S- 

Laveran.  •  Sur  trois  virus  de  trypanosomiase  humaine  de  provenances  differentes,  Comptes 
Rcndus  de  l’Acad.  Sciences,  p.  1065,  1906. 

Gray  and  Tulloch.  Reports  of  the  S.S.  Commission  of  the  Royal  Society,  No.  8,  P-53- 
Bentmann  und  Gunther.  ‘  Beitragc  zur  Kenntnis  dcs  T.  gambiense ,  Archiv  fur  Sc 
Hope nhygiene,  B.  XI,  Bciheft  2,  1907.  .  ,  .  ■ 

.  t  Bevan  and  MacGregor.  *  Note  on  the  passage  of  a  Human  Trypanosome  through  domest 
animals,’  Journal  of  Comparative  Pathology  and  Therapeutics,  p.  ibo,  1910- 
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where  the  disease  was  contracted  it  is  impossible  to  say;  possibly, 
as  the  patient  himself  thought,  it  was  in  the  Luangwa  Valley. 

Stephens  and  Fantham*  have  described  certain  morphological 
peculiarities,  which  the  parasite  exhibits  in  the  blood  of  rats,  rabbits 
and  guinea-pigs  infected  with  this  strain.  As  these  peculiarities 
have  never  been  found  in  T.  gambiense ,  the  authors  consider  that 
this  Rhodesian  trypanosome  is  different  from  T.  gambiense ,  and,  in 
tact,  a  new  species,  for  which  they  suggest  the  name  T.  r/iodesiense. 

In  view  of  these  morphological  differences  and  of  the  fact  that 
the  disease  was  acquired  in  a  district  where  G.  pal palis  has  not 
yet  been  found,  it  appeared  desirable  to  examine  the  pathogenirity 
°f  the  parasite  for  animals  of  different  species,  with  the  object  of 
comparing  it  with  that  of  our  laboratory  strain  of  T.  gambiense 
and  with  the  results  obtained  by  other  workers  with  various  strains 
of  human  trypanosomes. 

Recent  work  has  indicated  that  experiments  upon  the 
pathogenicity  of  a  trypanosome  must  be  conducted  with  certain 
precautions. 


It  was  found  by  Thomas  and  Breinlt  that  a  strain  of 
/  ■  gambiense ,  after  passage  through  a  baboon,  had  greatly 
increased  in  virulence.  They  state  that  rabbits,  rats,  cats, 
guinea-pigs  and  monkeys  inoculated  with  the  strain  derived  from 
the  baboon  developed  the  disease  after  short  incubation  periods,  and 
that  death  occurred  early. 


bieinl  and  NierensteinJ  found  occasional  variations  in  the 
\iiulence  of  T.  gambiense.  Rats  infected  from  a  monkey  died  in 
three  to  four  days.  After  passage  through  guinea-pigs,  however, 
the  heightened  virulence  of  the  strain  was  lost  and  it  killed  rats 

again  in  the  normal  period,  namely,  forty  to  one  hundred  and 
twenty  days. 

Again,  it  is  now  generally  recognised  that  long  continued 
passage  of  a  trypanosome  through  one  species  of  animal  tends  to 
increase  the  virulence  of  the  parasite  for  this  species. 

of  its  bciiu'  -i  '1r  n’orph°!ogy  °J  ‘"'  trypanosome  from  a  case  of  Sleeping  Sickness  and  the  possibility 

.  ,  g  '  Spcc,es  (T‘  rbodestense),'  Proc.  Roy.  Soc.,  VoL  LXXXIII,  p.  28,  1910. 

Memoir  XVI,  1905  '  ^  ripanosom'asis  and  Sleeping  Sickness,’  Liverpool  School  of  Tropical  Medicine, 
Parasit.,  VoL  Stuc*'es  on  Trypanosomiasis,' Annals  of  Trop.  Med.  and 
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The  interesting  observation  of  Schilling  and  Jaffe* *,  that  mice, 
infected  with  a  strain  of  Ngana,  which  had  been  preserved 
by  passage  through  mice  and  subsequently  treated  with 
arsenophenvlglycine,  were  temporarily  immune  to  the  mouse 
passage  strain,  but  became  infected  on  being  inoculated  with  the 
same  strain  which  had  been  kept  up  in  guinea-pigs  for  two  years, 
shows  in  what  way  the  parasite  can  be  modified  by  long  passage 
through  distinct  animal  species. 

The  work  of  Uhlenhuth,  Htibner  and  Woithet  indicates  that  the 
quantity  of  infective  blood  injected  may  play  an  important  role 
in  determining  the  character  of  the  resulting  infection. 

These  authors,  working  with  T.  equiperdum ,  found  that  after 
inoculation  of  large  quantities  of  infective  blood,  infection  was 
delayed,  and  sometimes  did  not  occur.  Similar  observations  were 
made  by  Beck£  with  T.  gambiense ,  who  explains  the  fact  on  the 
ground  that  anti-bodies  present  in  the  infective  blood  act  as 
trypanocides. 


The  strain  which  I  have  used  in  the  following  experiments  was 
obtained  by  inoculating  rats  with  the  blood  of  the  patient  shortly 
after  his  arrival  in  England,  before  any  medicinal  treatment  had 
been  administered.  The  direct  strain  has  been  preserved  by  passage 
from  rat  to  rat. 

Before  experiments  on  animals  or  other  species  were  commenced, 
the  strain  had  been  passed  through  a  series  of  twenty  rats  during 
a  period  of  about  six  months. 

For  our  laboratory  strain  of  T.  gambiense  we  are  indebted  to 
Professor  Mesnil,  who  has  kindly  informed  me  that  it  was  obtame 
by  inoculating  rats  with  the  cerebrospinal  fluid  of  a  case  of  human 
trypanosomiasis  from  the  French  Congo,  in  1905.  Since  tien 
has  been  kept  up  by  passages  through  rats.  Professor  Mesm  ^ 
that  the  strain  has  gradually  become  more  virulent  for  rats,  w  ic  1 
it  now  kills  on  an  average  in  twelve  days. 


1  u  *  Archiv.  fur  Schiffs- 

*  ‘  Wcitere  chemothcrapcutitche  Vcnuchc  bci  Trypanosomen  ran  ei  , 
nd  Tropcnhygiene,  S.  525,  1909.  .  ,  .  Afoxvl- 

t ‘Experimcntellc  Untenuchungcn  uber  Dourinc  mit  besondcrcr  BcrucbK  t.gun 

ehandlung,  Arb.  a.  d.  Kaiscrl.  Gcsundhcitsamte,  B.  XXVII.  S.  25b,  '9  ^ 

1  ‘  Experimentdle  Bcitrage  /.ur  Infcktion  mit  Trypanosoma  gaw^«^  un  zur 
wnschlichen  Trypano^mia.i.,'  Arb.  a.  d.  Kai*crl.  Gesundhcitsamte,  b. 
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in  my  experiments,  the  different  animals  were  always 
inoculated  with  the  blood  of  infected  rats,  so  as  to  avoid  any 
alteration  in  virulence  comparable  to  that  described  by  Thomas  and 
Breinl,  resulting  from  passage  through  a  baboon. 

With  a  view  to  avoiding  any  discrepancy  arising  from  injection 
of  widely  varying  numbers  of  trypanosomes,  the  injected  blood  was 
diluted  with  citrated  saline  solution,  until  it  contained  a  definite 
number  of  parasites  per  cubic  millimetre. 

1  his  was  accomplished  by  diluting  the  blood  of  a  heavily 
in  I  cc  ted  rat  with  many  times  its  volume  of  citrated  salt  solution 
and  then  counting  the  trypanosomes  in  the  diluted  solution  by 
means  of  the  1  homa-Zeiss  haemocytometer.  The  mixture  was  then 
fui  ther  diluted  with  normal  saline  until  one  cubic  millimetre 
contained  500,  1,000,  5>ooo  or  jo, 000  trypanosomes. 

\\  hen  cover-slip  preparations  of  such  solutions  containing  1,000 
tiypanosomes  per  c.mm.  were  examined  microscopically,  it  was 
found  that  there  was  approximately  one  parasite  to  a  field  (Zeiss, 
objective  DD ;  eyepiece  No.  4). 

Monkeys. 

Rhodesian  strain.  Six  experiments.  The  following  species 
were  used,  Macacus  rhesus ,  Cercopithecus  callitrichus  and 
Cercopithecus  ruber.  In  all,  the  disease  ran  a  very  rapid  course. 
1  rypanosomes  appeared  in  the  blood  after  short  incubation  periods, 
and  weie  subsequently  always  present — often  in  very  large 
numbers— until  death  occurred.  Posterior  nuclear  forms*  of  the 
paiasite  were  found  in  every  case  except  Monkey  6  (Cercopithecus 
‘0,  '^here  the  parasites,  although  constantly  present,  were  never 
numerous,  the  largest  number  found  being  ten  to  a  field.  With  the 
exception  of  emaciation  the  animals  presented  no  symptoms  until 
t  in  two  01  three  days  of  death,  when  they  lay  at  the  bottom  0* 
icn  cages  in  a  drowsy  condition,  ate  little,  if  anything,  and  hardly 
I  ended  to  stimulation.  The  temperature  never  rose  aboie 


*  Forms  in  which  the 


nucleus  was  either  close  to  the  blepharoplast  or  actually  posterior  to  it- 


1040  F.  in  any  of  the  animals,  but  usually  fell  considerably  shortly 
before  death.  Incubation  period,  three  to  five  days;  average  four 
days.  Duration,  eight  to  fourteen  days;  average  eleven  days. 


Table  i. — Monkeys  infected  with  the  Rhodesian  Strain 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intrapcritoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

i.  Macacos  rhesus. 
Weight  2210  g. 

Intraperitoneally  with 

1  c.c.  of  diluted  blood 
solution  containing 

5000  trypanosomes  per 
c.mm. 

5th  day 

14th  day 

Parasites  always  present  in 
large  numbers.  Many 
posterior  nuclear  forms 
found. 

Weight  at  time  of  death, 
1850  g. 

2.  M.  rhesus. 

Weight,  1670  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  10,000 
trypanosomes  per  c.mm. 

3rd  „ 

nth  „ 

* 

Parasites  numerous  on  the 
sixth  and  seventh  days. 
Posterior  nuclear  forms 
present.  Subsequently 
the  number  of  trypano¬ 
somes  diminished. 

Weight  at  time  of  death, 
1500  g. 

3.  M.  rhesus. 

Weight,  5370  g. 

Subcutaneously.  1  c.c. 

of  diluted  blood  solu¬ 
tion  containing  500 
trypanosomes  per  c.mm. 

4th  „ 

9th  „ 

Parasites  present  in  large 
numbers.  Posterior 

nuclear  forms  found. 
Weight  at  time  of  death, 
5000  g. 

4.  Cercopitbecus 
callitricbus 
Weight,  2520  g. 

Intrapcritoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  10,000 
trypanosomes  per  c.mm. 

4th  „ 

10th  „ 

Parasites  present  in  con¬ 
siderable  numbers  from 
the  sixth  day  until 
death.  A  few  posterior 
nuclear  forms  seen. 

Weight  at  time  of  death, 
2100  g. 

5.  C.  callitricbus. 
Weight,  3160  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  5000 
trypanosomes  per  c.mm. 

4th  „ 

8  th  „ 

Parasites  numerous.  Many 
posterior  nuclear  forms 
found. 

Weight  at  time  of  death, 
255°  g ■ 

6.  C.  ruber. 

Weight,  41 50  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  500 
trypanosomes  per  c.mm. 

4th  „ 

14th  „ 

Parasites  fairly  numerous 
(10  to  a  field)  on  the 
ninth  day ;  otherwise 
scanty.  No  posterior 

nuclear  forms  found. 

Weight  at  time  of  death, 
3600  g. 
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T.  gambiense.  Four  experiments.  Macacus  rhesus  and 
Cer co pit hecus  callitrichus  were  used.  With  this  strain  the  disease 
ran  a  much  more  chronic  course.  Parasites  were  usually  scanty,  or 
absent  from  the  peripheral  circulation.  Incubation  period,  three  to 
twenty-one  days;  average  twelve  days.  Duration,  twenty-seven 
days  to  over  four  months. 


Table  2. — Monkeys  infected  with  T.  gambiense 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intraperitoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remark 

i.  Macacus  rhesus. 
Weight,  2490  g. 

Intraperitoneally  with 

1  c.c.  of  diluted  blood 
solution  containing 

5000  trypanosomes  per 
c.mm. 

3rd  day 

27th  day 

Parasites  always  scanty  or 
absent. 

Weight  at  time  of  death. 
2130  g. 

2.  M.  rhesus. 

Weight,  3380  g. 

’?  » 

5th  „ 

91st  „ 

Parasites  scanty  or  abs«t 
generally,  but  fofy 
numerous  during  the 
last  few  days. 

Weight  at  time  of  death. 
2600  g. 

3.  Cercopithecus 

callitrichus 
Weight,  2450  g. 

»  » 

21st  „ 

149th  „ 

Parasites  as  a  rule  scanty 
or  absent.  Animal  very 
drowsy  during  last  «e» 
Weight  at  time  of  death, 
1820  g. 

4.  C.  callitrichus. 
Weight,  2730  g. 

Intraperitoneally  with 

1  c.c.  of  diluted  blood 
solution  containing 

10,000  trypanosomes 
per  c.mm. 

6th  „  1 

108th  „ 

Parasites  occasionally 

present  in  large  num¬ 
bers,  but  usually  ttant)' 
or  absent. 

Weight  at  time  of  dealt, 
>75°  * 

Rabbits. 

Rhodesian  strain.  Eight  experiments.  In  these  animals  the 
disease  was  fairly  acute.  Incubation  period,  from  three  to  fourteen 
days,  average  eight  days.  Duration,  nineteen  to  forty-five  dajs, 
average  twenty-eight  days.  Parasites  were  almost  constantly 
present  in  the  blood,  although  usually  only  in  small  numbers, 
except  during  the  last  few  days,  when  they  were  generally  present 
in  considerable  numbers.  Posterior  nuclear  forms  were  usually  to  be 
OUnd  'n  small  numbers  on  the  occasions  when  the  blood  contained 
numerous  parasites. 
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The  symptoms  presented  were  those  usually  found  in  rabbits 
suffering  from  trypanosomiasis,  viz.,  blepharo-conjunctivitis,  oedema 
of  the  head  and  ears,  purulent  discharge  from  the  nose  and  eyes, 
loss  of  hair,  emaciation  and  anaemia.  Probably,  owing  to  the 
shorter  course  of  the  disease,  these  symptoms  were  not  so  marked  as 
in  the  rabbits  infected  with  T.  gambiense ,  where  the  disease  is  much 
more  chronic.  Two  of  the  animals  were  very  drowsy  for  a  week 
before  death  (Nos.  5  and  6). 


Table  3. — Rabbits  infected  with  the  Rhodesian  strain 


Amount  of  virus 
injected  subcutaneously 
or  intrapcritoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

1.  Intraperitoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  1000  trypanosomes 
per  c.mm. 

9th  day 

45th  day 

2.  Subcutaneously.  1  c.c.  of 

diluted  blood  solution  con¬ 
taining  10,000  trypanosomes 
per  c.mm. 

3rd  » 

32nd  „ 

3.  Intraperitoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  500  trypanosomes 
per  c.mm. 

7th  „ 

26th  „ 

4.  Intraperitoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  1000  trypanosomes 
per  c.mm. 

5th  „ 

26th  „ 

5-  »  )? 

9th  „ 

19th  „ 

6-  * 

9th  „ 

19  th  „ 

7.  Intraperitoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  250  trypanosomes 
per  c.mm. 

14  th  „ 

S.  Intraperitoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  1  coo  trypanosomes 
per  c.mm. 

8  th  „ 

30th  „ 

Remarks 


Parasites  scanty  until  the  last  few 
days,  when  they  were  fairly 
numerous,  and  when  a  few 
posterior  nuclear  forms  were 
seen. 


>) 


>> 
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Parasites  scanty,  but  constantly 
present  until  time  of  death, 
when  they  were  fairly  numerous 
(10  to  a  field).  No  posterior 
nuclear  forms  found.  The 
animal  was  very  lethargic 
during  the  List  week. 

»  ” 

Animal  alive  after  32  days.  Para¬ 
sites  constantly  present,  but 
scanty.  No  posterior  nuclear 
forms  seen.  Marked  oede- 
matous  swelling  of  slun  of  head, 
loss  of  hair,  ears  thickened. 

Parasites  only  found  m  small 
numbers  until  last  few  days, 
when  they  were  fairly  plentiful 
(5  to  a  field).  A  few  posterior 
nuclear  forms  found. _ 
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T.  gambiense.  Eight  experiments.  The  disease  was  chronic. 
Parasites  were  only  occasionally  found  in  the  peripheral  blood,  and 
always  in  very  small  numbers.  Incubation,  five  to  nineteen  days; 
average  twelve  days.  In  one  animal  parasites  were  never  found  in 
the  blood  during  the  whole  course  of  the  disease.  It  presented  the 
usual  symptoms  of  infection,  viz.,  oedema,  loss  of  hair, 
muco-purulent  discharge  from  nose  and  eyes,  etc.  Duration,  sixty 
days  to  more  than  five  months. 


I'able  4. — Rabbits  infected  with  7.  gambiense 


Day  on 
which 

Day  on 

-Amount  of  virus 

parasites 

which 

injected  subcutaneously 

were  first 

death 

Remarks 

or  intraperitoneally 

seen  in 
blood 

occurred 

!•  Intraperitoneally.  1  c.c.  of 

diluted  blood  solution  con¬ 
taining  5000  trypanosomes 
per  c.mm. 

2 ■  Intraperitoneally.  2  c.c.  of 

diluted  blood  solution  con¬ 
taining  10,000  trypanosomes 
per  c.mm. 

3-  Intraperitoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  1000  trypanosomes 
per  c.mm. 


5-  Intraperitoneally.  1  c.c.  of 

diluted  blood  solution  con¬ 
taining  10,000  trypanosomes 
per  c.mm. 

6-  Intraperitoneally.  1  c.c.  of 

diluted  blood  solution  con¬ 
taining  1000  trypanosomes 
per  c.mm. 


5th  day 


125th  day  Parasites  only  occasionally  found. 

and  always  scanty. 


9th  „ 


15th 


7th  „ 


19th 


*5th  „ 


60th 


140  th 


109th 


Parasites  never  found  in  blood. 
It  presented  the  usual  signs  of 
disease. 


Parasites  rarely  found,  and  only 
in  very  small  numbers. 


Animal  alive  after  five  month;. 
It  presents  marked  symptoms 
of  disease,  e.g.,  loss  of  hair,  etc. 
Parasites  rarely  present  m 
blood. 

Animal  alive  after  three  months- 
Parasites  occasionally  found  in 
small  numbers. 


Animal  alive  after  64  days.  J 
sites  rarely  found,  and  'e  • 
scanty. 

Parasites  have  not  yet  been  fowj 
in  blood.  Animal  p^ec 
normal  after  23  days. 
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Guinea-pigs. 

Rhodesian  strain.  Six  experiments.  Parasites  generally  present 
in  the  blood,  often  in  considerable  numbers.  Posterior  nuclear 
forms  were  usually  found  when  the  parasites  were  numerous.  The 
animals  presented  no  symptoms,  and  the  disease  ran  a  fairly  chronic 
course.  Incubation  period,  three  to  fifteen  days;  average  eight 
days.  Duration,  thirty-nine  to  eighty-two  days;  average  fifty-five. 


Table  5. — Guinea-pigs  infected  with  the  Rhodesian  strain 


Amount  of  virus 
injected  subcutaneously 
or  intraperitoncally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

i-  Intraperitoncally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  1000  trypanosomes 
per  c.mm. 

15th  day 

41st  day 

Parasites  scanty  except  during  the 
last  week,  when  they  were  fairly 
numerous  (15  to  20  to  a  field). 
Posterior  nuclear  forms  found. 

2-  Intraperitoncally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  10,000  trypanosomes 
per  c.mm. 

3rd  „ 

52nd  „ 

>1  » 

3'  »  i> 

1 2th  „ 

39th  » 

Parasites  present  in  blood  regu¬ 
larly,  but  in  small  numbers. 
No  posterior  nuclear  forms 
seen. 

»  » 

7th  » 

39‘h  » 

Parasites  constantly  present, 

generally  in  large  numbers. 
Many  posterior  nuclear  forms 
found. 

5-  Intraperitoncally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  500  trypanosomes 
per  c.mm. 

6th  „ 

82nd  „ 

,1 

Intraperitoncally.  r  c.c.  of 
diluted  blood  solution  con¬ 
taining  10,000  trypanosomes 
per  c.mm. 

3rd  *> 

76th  ,, 

Parasites  always  scanty  until  the 
last  few  days,  when  they  were 
fairly  numerous  (10  to  a  held). 
Posterior  nuclear  forms  seen. 
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T.  gambiense.  Five  experiments.  Parasites  usually  present  only 
in  very  small  numbers  or  absent.  Disease  very  chronic.  Incubation 
period,  three  to  forty  days;  average  fifteen  days.  Duration, 
forty-two  days  to  five  and  a  half  months;  average  more  than  four 
months. 


Table  6. — Guinea-pigs  infected  with  7.  gambiense 


Amount  of  virus 
injected  subcutaneously 
or  intrapcritoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

1.  Intrapcritoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  (?)  trypanosomes 
per  c.mm. 

40th  day 

134th  day 

Parasites  not  found  in  blood  (ex¬ 
cept  on  40th  day)  until  the  last 
two  days,  when  they  were 
present  in  small  numbers. 

»  » 

3rd  „ 

167th  „ 

Parasites  rarely  found  in  small 
numbers. 

3-  Intrapcritoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  10,000  trypanosomes 
per  c.mm. 

7th  „ 

42nd  „ 

Parasites  regularly  present,  and 
sometimes  in  considerable  num¬ 
bers  (20  to  30  to  a  field). 

4-  »  „ 

1 3th  „ 

Parasites  only  found  on  three 
occasions  in  very  small  numbers- 
Animal  alive  and  well  after  four 
months. 

5-  Intrapcritoneally.  1  c.c.  of 
diluted  blood  solution  con¬ 
taining  1000  trypanosomes 
per  c.mm. 

12th  „ 

1 60th  „ 

Parasites  rarely  found  in  very 
small  numbers. 

Dogs. 

Rhodesian  strain.  Four  experiments.  The  trypanosome  proved 
to  be  extremely  virulent  in  dogs.  In  Dogs  1  and  2,  parasites  were 
present  in  the  blood  in  large  numbers,  and  many  posterior  nuclear 
loims  were  seen.  I  rypanosomes,  although  constantly  present,  were 
never  very  numerous  in  Dogs  3  and  4,  and  none  of  the  above 
varieties  were  observed.  The  animals  rapidly  lost  their  weight- 
Incubation,  four  to  five  days;  average  four  days.  Duration,  nine 
to  thirteen  days;  average  twelve  days. 


Table  7. — Dogs  infected  with  the  Rhodesian  strain 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intraperitoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

1.  Mongrel. 

Weight,  5  too  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  1000 
trypanosomes  per  c.mm. 

4th  day 

9th  day 

Parasites  present  in  large 
numbers.  Posterior 

nuclear  varieties  seen. 
Weight  at  time  of  death, 
+3°°  g- 

2.  Irish  terrier. 

Weight,  12,050  g. 

Intraperitoneally.  t  c.c. 
of  diluted  blood  solu¬ 
tion  containing  250 
trypanosomes  per  c.mm. 

Sth  „ 

«3th  „ 

Parasites  present  in  large 
numbers.  Posterior 

nuclear  forms  seen. 
Weight  at  time  of  death, 
10,460  g. 

3.  Collie 

Weight,  7950  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  500 
trypanosomes  per  c.mm. 

4th  „ 

«3th  n 

Parasites  10  to  a  field  on 
the  sixth  to  ninth  days. 
Subsequently  they  were 
scanty.  No  posterior 

nuclear  forms  found. 
Weight  at  time  of  death, 

7r5°  g- 

4.  Spaniel. 

Weight,  17,090  g. 

n  » 

4th  „ 

12th  „ 

Parasites  scanty.  No 

posterior  nuclear  forms 
seen. 

Weight  at  time  of  death, 
15,020  g. 

T.  gambiense.  Two  experiments.  In  both  animals  the  disease 
ran  a  chronic  course.  Parasites  were,  as  a  rule,  only  found  in  small 
numbers.  Incubation  period,  twelve  to  sixteen  days;  average 
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Table  8. — Dogs  infected  with  T.  gambiense 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intraperitoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

i.  Irish  terrier. 

Weight,  9500  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  500 
trypanosomes  per  c.mm. 

12th  day 

64th  day 

Parasites  found  fairly 
regularly  in  small  num¬ 
bers.  On  the  last  two 
days  trypanosomes  were 
present  in  large  numbers 
(30  to  a  field). 

1-  Mongrel. 

Weight,  10,250  g. 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  1000 
trypanosomes  per  c.mm. 

1 6th  „ 

Parasites  found  fairly  con¬ 
stantly,  but  usually  in 
very  small  numbers. 

Animal  still  alive  on  34th 
day. _ 

Goats. 


Rhodesian  strain.  Three  experiments.  In  these  animals  the 
disease  ran  a  fairly  rapid  course.  Parasites  were  not  infrequently 
seen  in  the  blood,  but  in  very  small  numbers  only,  and  the  posterior 
nuclear  variety  was  never  found.  The  only  symptoms  observed 
were  :  loss  of  weight,  oedematous  swellings — accompanied  by  slight 
loss  of  hair — of  the  skin  and  subcutaneous  tissues  over  the  nasal 
bones  and  beneath  the  eyes,  and  interstitial  keratitis.  The 
temperature  of  Goat  i  rose  to  io7°F.  on  the  seventh  day  after 
inoculation,  but  quickly  returned  to  normal  (i03-4°F.).  The  other 
two  animals  never  exhibited  any  rise  of  temperature.  Incubation 
period,  four  to  eleven  days;  average  seven  days.  Duration, 
forty-five  to  fifty-five  days;  average  eight  days. 


Table  9. — Goats  infected  with  the  Rhodesian  strain 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intraperitoncallv 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

t.  Medium  j 

Subcutaneously.  1  c.c.  of 
diluted  blood  solution 
containing  1000  try¬ 
panosomes  per  c.mm. 

6th  day 

55th  day 

Parasites  scanty.  N; 
posterior  nuclear  f°t® 
seen. 

2.  Large  j 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  5000 
trypanosomes  per  c.mm. 

4th  „ 

46th  „ 

Parasites  scanty.  N° 
posterior  nuclear  fore¬ 
seen. 

3.  Large  j 

Subcutaneously.  1  c.c.  of 
diluted  blood  solution 
containing  1000  try¬ 
panosomes  per  c.mm. 

11th  „ 

45‘h  .. 

Parasites  scanty  and  rarely 
found.  No  portent 
nuclear  forms  seen. 

T.  gambiense.  Two  experiments.  Both  animals  became 
infected,  but  the  disease  was  exceedingly  chronic.  Parasites  have 
never  been  found  in  the  blood  of  Goat  1,  but  two  rats,  inoculated 
with  its  blood  on  the  forty-fourth  day,  became  infected  after  an 
incubation  period  of  twelve  days.  The  animal  is  still  alive,  m°rL 
than  five  months  after  inoculation,  and  has  presented  no  symptonls 
of  disease.  Rats  inoculated  with  its  blood,  on  the  hundred  and 
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fifty-second  day,  did  not  become  infected.  Parasites  (1  to  15  fields) 
were  found  in  the  blood  of  Goat  2  on  the  nineteenth  day  after 
inoculation,  but  were  never  observed  subsequently.  On  the 
seventy-second  day  slight  swelling  of  the  face  was  noticed.  Beyond 
slight  wasting  no  other  symptom  was  exhibited.  Death  occurred 
on  the  eighty-fifth  day. 


Table  io. — Goats  infected  with  T.  gambiense 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intraperitoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remarks 

r.  Large  ? 

Subcutaneously.  1  c.c.  of 
diluted  blood  solution 
containing  10,000  try¬ 
panosomes  per  c.mm. 

Parasites  never  found  m 
blood.  Rats  inoculated 
with  its  blood  on  the 
44th  day  became  in¬ 
fected,  but  not  those 
inoculated  on  the  152nd 
day. 

Animal  alive  and  well  after 
more  than  five  months. 

Medium  J 

Intraperitoneally.  1  c.c. 
of  diluted  blood  solu¬ 
tion  containing  5000 
trypanosomes  per  c.mm. 

19th  day 

85th  day 

Parasites  only  found  once 
(on  the  19th  day)  in  very 
small  numbers.  Rats 

inoculated  with  its  blood 
on  the  day  of  death 
became  infected. 

Donkey  and  Horse. 

Rhodesian  strain.  Two  donkeys  and  a  hoise  were  easi  \ 
infected. 

Donkey  1.  Inoculated  subcutaneously  with  a  small  amount  o 
the  virus.  Parasites  first  appeared  in  the  circulation  on  tie 
day.  From  the  sixth  to  the  eighth  day  trypanosomes  were  presen 
in  fair  numbers  (3  to  .0  to  a  field),  and  a  few  posterior  nucleat 
forms  were  found.  Subsequently  parasites  were  constant  }  P 
in  very  small  numbers  until  the  last  week  when  the  num  er  g 
increased,  and  the  posterior  nuclear  variety  were  again  o 
Temperature  remained  constant  (103-4°  T  •)  throughout  t  e 
Beyond  wasting  and  an  oedematous  condition  o  tic 
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subcutaneous  tissues  of  the  face,  there  were  no  symptoms,  until  the 
forty-seventh  day,  when  it  was  noticed  that  the  animal  was  very 
weak.  The  next  day  it  was  down  and  unable  to  rise.  Death 
occurred  on  the  fifty-fourth  day. 


Table  ii. — Donkcvs  and  Horse  infected  with  the  Rhodesian  strain 


Description  of 
animal 

Amount  of  virus 
injected  subcutaneously 
or  intraperitoneally 

Day  on 
which 
parasites 
were  first 
seen  in 
blood 

Day  on 
which 
death 
occurred 

Remark 

I.  Donkey  y 

Weight,  164  lbs. 

Subcutaneously,  i  c.c.  of 
diluted  blood  solution 
containing  10,000  try¬ 
panosomes  per  c.mm. 

5th  day 

54th  day 

Parasites  constancy 

present,  but.  as  a  nik 
scanty,  except  on  las 
three  days,  when  the? 
were  fairly  numeral 
(10  to  20  to  a  field 
Posterior  nuclear  for® 
found. 

Weight  a  week  Mo¬ 
des  th.  290  lbs. 

2.  Donkey  j 

Weight,  324  lbs. 

Subcutaneously.  1  c.c.  of 
diluted  blood  solution 
containing  1000  try¬ 
panosomes  per  c.mm. 

7tl>  „ 

28th  „ 

Parasites  constant!? 

present  in  small  nil® 
bers.  No  posted* 
nuclear  forms  found 
Weight  five  days  Mon 
death,  280  lbs. 

3-  P«ny  3 

Weight,  644  lbs. 

Subcutaneously.  1  c.c.  of 
diluted  blood  solution 
containing  10,000  try¬ 
panosomes  per  c.mm. 

7th  „ 

38th  „ 

Parasites  constant!' 

present,  but  only  » 
small  numbers  uatfl 
within  a  few  dan 
death,  when  3  to  5  »* 
field  were  found.  ' 
few  posterior  nucha' 
forms  were  seen. 

Weight  three  days  Mo" 
death.  548  lbs. 

onkey  2.  Inoculated  subcutaneously.  Incubation  period 
hi  C|a^S’  ^aras^es  were  subsequently  constantly  present  in  the 
00  in  small  numbers.  No  posterior  nuclear  forms  were  seen, 
emperature  103-104°  F.  The  only  signs  of  disease  were 
progressive  wasting  and  debility.  Death  took  place  on  the 
twenty-eighth  day. 

p,  ^  Horse  inoculated  subcutaneously  with  a  small  dose  of  the 
i°  esian  strain  exhibited  parasites  in  its  blood  on  the  seventh 
>’•  rypanosomes  were  subsequently  regularly  found,  there 
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being  sometimes  as  many  as  five  to  a  field,  but,  as  a  rule,  they  were 
scanty.  A  few  posterior  nuclear  forms  were  found  on  the 
thirtv-second  day,  at  a  time  when  the  total  number  of  parasites  in 
the  blood  was  about  five  to  a  field.  The  animal  rapidly  lost  weight. 
Before  infection  it  weighed  650  lbs.,  five  days  before  death  548  lbs. 
The  temperature  remained  constant,  between  103°  and  103  8°  F., 
until  a  few  hours  before  death,  when  it  fell  to  990  F.  On  the 
twenty-fourth  day  after  inoculation  the  animal  appeared  ill  for  the 
first  time.  A  few  days  later  distinct  swelling  of  the  skin, 
subcutaneous  tissues  below  the  eyes  and  over  the  nasal  bones  was 
noticed.  This  condition  was  accompanied  by  some  slight  loss  of 
hair  and  persisted  until  death.  On  the  thirty-fifth  day  the  animal 
was  very  ill.  It  had  lost  nearly  100  lbs.  in  weight,  could  hardly 
stand  and  refused  food.  The  cornea  of  the  left  eye  was  hazy,  and 
the  conjunctiva  slightly  injected.  The  next  day  the  animal  was 
down  and  could  not  get  up.  Death  occurred  on  the  thirty-eighth 
day.  At  the  time  of  death  parasites  were  present  in  the  blood  in 
fair  numbers  (4-5  to  a  field). 

Mice. 

Rhodesian  strain.  Twenty  experiments.  1  he  disease  ran  an 
acute  course.  The  animals  were  inoculated  intraperitoneally  with 
5  c.c.  of  blood  containing  approximately  500  trypanosomes  to  a 
cubic  millimetre.  Parasites  were  usually  present  in  fair  numbers, 
and  the  posterior  nuclear  forms  frequently  found.  Incubation 
period,  two  to  five  days;  average  three  days.  Duration,  three  to 
twenty  days;  average  eleven  days. 

Rats. 

Rhodesian  strain.  Forty-five  experiments.  The  strain  has  been 
preserved  by  passage  through  these  animals.  In  each  case  the  rats 
were  inoculated  intraperitoneally  with  1  c.c.  of  infective  blood  well 
diluted  with  citrated  saline  solution— a  cover-slip  preparation  of 
which  showed,  as  a  rule,  one  to  five  trypanosomes  to  a  field.  The 
disease  was  fairly  acute,  and  parasites  were  often  present  in  the 
blood  in  considerable  numbers.  Posterior  nuclear  forms  were 
usually  found  when  the  blood  contained  numerous  parasites.  Very 
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little  alteration  in  virulence  has  been  observed  after  a  year’s  passage 
through  these  animals.  The  two  rats  infected  directly  from  the 
patient  died  in  six  and  twelve  days,  respectively.  The  average 
duration  of  the  disease  in  the  first  ten  passages  was  17  5  days,  and 
in  the  last  ten,  20  days.  Incubation  period,  one  to  seven  days; 
average  four  days.  Duration,  six  to  forty-five  days;  average 
nineteen  days. 

T.  gambiense.  Fifty-four  experiments.  Incubation  period,  two 
to  ten  days;  average  four  days.  Duration,  six  to  twenty-nine  days; 
average  fourteen  days. 

•With  a  view  to  comparing  the  animal  reactions  of  the  Rhodesian 
Trypanosome  with  those  of  T.  gambiense ,  the  above  results,  and 
those  obtained  by  other  workers*  with  various  strains  of  human 
trypanosomes,  are  summarised  in  Table  12. 

It  is  evident  that  the  Rhodesian  trypanosome  differs  very 
markedly  from  T.  gambiense  in  its  pathogenicity  for  various  species 
of  animals.  In  monkeys  ( Macacus  rhesus ,  Cercopithecus  callUrickus 
and  Cercopithecus  ruber),  dogs,  rats  and  mice  the  disease  runs  a 
very  acute  course.  Large  numbers  of  trypanosomes  were  usually 
present  in  the  blood.  Rabbits,  guinea-pigs  and  goats  were  easily 
infected,  and  died  in  a  much  shorter  time  than  animals  of  the  same 
species  infected  with  T .  gambiense ,  and  parasites  were  much  more 
constantly  found  in  the  blood  and  in  greater  numbers.  Two 
donkeys  and  a  horse  quickly  succumbed  to  the  disease,  try'panosomes 
being  regularly  observed  in  the  peripheral  circulation. 

These  results  show  that  in  so  far  as  virulence  is  concerned  the 
parasite  is  widely  different  from  T .  gambiense — in  fact  it  more 
closely  resembles  T.  brucei  in  this  respect  than  T .  gambiense — and 
support  the  view  advanced  by  Stephens  and  Fantham,  on 
morphological  grounds,  that  we  have  in  ‘  T.  rhodesiense’  a  new 
species. 


Reports  of  the  Sleeping  Sickness  Commission  of  the  Royal  Society. 

Thomas  and  Linton.  Loc.  cil. 

Lavcran.  Loc.  cit. 

Brumpt  et  Wurtz.  1  Maladic  du  Sommeil  experimentale  chez  les  Souris,  Rats.  Cobayes. 
Comptes  Rendus  Soc.  Biologie,  T.  LVI,  p.  567,  1904. 

Beck  ‘  Expcrimentelle  Beitrage  zur  Infektion  mit  Trypanosoma  gambiense,'  Arbeiten  a. 
Ka,serl-  Gesundheitsamte,  S.  318,  1910. 

Bentmann  und  Gunther.  Loc.  cit. 


*AM1>K  4  £ .  Suiliniart  •»£  the  rcaults  obtained  ill  various  animal*  with  the  ftbodrsian  strain  and  *7".  ganU>irmr  respectively,  and  those  of  other  workers  with  varum*  strains  of  T.  g ambiensr 


signifies  T.  gavibiense,  from  Gambia  :  U.  Trypanosome  of  Sleeping  Sickness  in  Uganda ;  K.  Trypanosome  of  Sleeping  Sickness  in  Congo. 
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My  observations  as  to  the  morphology  of  the  parasite  confirm 
those  of  Stephens  and  Fantham  regarding  the  existence  of 
posterior  nuclear  forms  in  infected  rats,  guinea-pigs  and  rabbits.  I 
have  also  found  them  in  monkeys  ( Macacus  rhesus ,  Cercofitkecus 
c a llit fichus'),  dogs,  mice,  horse  and  donkey. 

I  have  not,  however,  succeeded  in  finding  these  forms  in  the 
blood  of  the  patient  himself,  in  spite  of  very  careful  daily 
examinations  during  a  period  of  over  three  months. 

Why  the  posterior  nuclear  forms  should  be  apparently  absent 
from  the  patient’s  blood  is  not  very  obvious.  Trypanosomes  were 
always  scanty  and  possibly  these  forms  may  have  been  missed, 
although  nearly  two  thousand  parasites  were  examined  without 
meeting  a  single  example  of  the  form  in  question.  However,  the 
posterior  nuclear  variety  is  not  usually  seen  in  infected  animals 
until  the  blood  is  fairly  heavily  infected,  when  they  may  form  as 
many  as  five  or  six  per  cent,  of  the  total  parasites  present. 

Sections  of  the  nervous  system  of  the  patient  exhibit 
well-marked  perivascular  infiltration  and  leptomeningitis.  The 
spleen  was  greatly  increased  in  size  and  deeply  pigmented 
(malarial?).  The  cervical,  axillary,  mesenteric  and  inguinal 
lymphatic  glands  were  considerably  enlarged,  and  presented  the 
usual  histological  appearances. 
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ON  THREE  NEW  SPECIES  OF  THE  GENUS 
GLOSSINA, TOGETHER  WITH  A  DESCRIP¬ 
TION  OF  THE  HITHERTO  UNKNOWN 
MALE  OF  GLOSSINA  GROSS  A,  BIGOT 

BY 

ROBERT  NEWSTEAD,  M.Sc.,  A.L.S.,  &c. 

(Received  for  publication  15  December ,  1910) 

The  discovery  of  the  three  species  of  Glossina  herein  described 
was  brought  about  by  an  examination  of  the  morpholo^ica 
characters  of  the  genital  armature  of  the  males.  In  the  first 
instance  some  doubt  had  been  entertained  legarding  the  corr 
specific  identity  of  certain  dark  forms  of  tsetse  flies  which  hac  e 
placed  in  the  collections  of  this  School  as  doubtful  examp  es  o 
Glossina  morsitans,  West.  1  he  examples  in  question  weie  captu 
by  Major  Dansey-Browning,  in  the  Bahr-el-Ghazal  Province  o 
Sudan,  during  the  winters  of  the  years  1905  and  190  . 
captures  were  recorded*  by  him  in  the  year  1908,  with  a  note  a 
the  peculiar  dark  colour  which  they  presented  in  life.  More  rece  ) 

a  long  series  of  tsetse  flies,  which  were  collected  by  r.  • 
McCay,  on  the  Katangum  River,  between  Katangum  and  ei  a 
Northern  Nigeria,  were  presented  to  this  School.  These  examp  e 
were  found  to  be  specifically  identical  with  those  taken  m 
Sudan.  On  comparing  the  genital  armature  of  these  dai 
with  those  of  typical  G.  morsitans  from  Rhodesia,  it  was  founc 
they  were  structurally  distinct ;  it  became  necessary,  therefore,  to  iaise 
the  dark  forms  to  specific  rank.  On  the  examination  o  f  some  u e 
examples  of  the  so-called  Glossina  morsitans  one  found  a  so  a 
these  presented  the  same  morphological  characteis  as  those  o 
dark  forms  both  from  the  Sudan  and  Katangum.  1  > 
interpretation  of  these  specific  differences  is  that  all  the  tsetse  ies 
occurring  in  the  western  regions  of  Africa  which  have  hitherto 


*  Jour.  Rov.  Army  Med.  Cor.,  Vol.  X,  p.  427- 
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considered  as  Glossina  morsitans  will  prove,  on  further  examination, 
to  be  referable  to  the  species  herein  described  as  Glossina 
submorsitans,  n.  sp. ;  what  the  exact  distribution  of  this  insect  is 
remains  to  be  seen,  as  at  the  present  moment  I  have  no  further 
material  available  for  examination. 

1  he  examination  of  the  morphological  characters  of  the  armature 
of  the  males  of  all  the  other  known  species  of  the  genus  Glossina 
has  revealed  the  fact  that  there  are  four  distinct  species  of  that 
group  of  tsetse  flies,  of  which  G.  fusca,  Walk.,  may  be  taken  as  a 
type.  These  are  G.  longipennis,  Corti,  and  G.  brevipalpis, 
Newstead,  from  the  eastern  side  of  the  continent;  while  G.  fusca , 
and  G.  grossa,  Bigot,  are,  as  far  as  I  can  gather  at  present,  the 
western  representatives  of  this  group. 

With  regard  to  the  large  tsetse  fly  herein  referred  to  as  Bigot’s 
Glossina  grossa,  I  had  at  first  thought  this  to  be  a  new  and  hitherto 
undescribed  species;  but,  on  further  consideration,  I  came  to  the 
conclusion  that,  as  it  agreed  so  well  with  the  author’s  description,* 
it  must  be  referable  to  this  insect;  all  the  more  so  on  account  of  the 
statement  made  by  Austen, t  that  ‘the  apex  of  the  third  joint  of 
the  antennae  is  very  prominent.’  Austen,  who  had  evidently 
examined  Bigot’s  type,  did  not,  however,  consider  this  marked 
character  of  specific  importance,  and  sunk  Glossina  grossa  as  a 
synonym  of  G.  fusca,  Walk.  Should  my  examples  eventually  prove 
to  be  specifically  distinct  from  G.  grossa  I  would  suggest  the 
specific  name  nigrofusca. 

It  may  be  interesting  to  add  also,  in  this  connection,  that  there 
aie  no  structural  differences  between  Glossina  palpalis  and  the  var. 
wellmanni',  so  that  for  strictly  medical  purposes  I  would  suggest 
that  the  var.  wellmanni  should  be  sunk,  all  the  more  so  seeing  that 
Glossina  palpalis  is  given  to  great  variation  in  size,  and  that  there 
ate  colour  varieties  or  forms  which  are  intermediate  between  typical 
palpalis  and  its  var.  wellmanni. 

I  have,  so  far,  been  able  to  examine  but  one  specimen  of 
Glossina  pallidipes,  Aust.  This  proves  to  be  specifically  identical 
with  Glossina  longipalpis ,  Wied.  The  most,  therefore,  that  one 


*  f,nn‘  S°C-  Ent  Fr‘>  Vol.  LX,  p.  377  (,9oi).  Female  only. 
1  Monograph  of  Tsetse  Flies,  p.  97. 
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can  do  in  the  light  of  this  discovery  is,  1  feel,  to  make  G.  pallidipes 
a  colour  variety  of  G.  longipalpis. 

A  more  extensive  paper  dealing  with  the  morphological 
characters  of  the  genital  armature  of  all  the  known  tsetse  flies  is  in 
the  course  of  preparation,  and  will  be  published  early  in  the  new 
year,  together  with  a  series  of  illustrations  which  will  aid  the 
student  in  the  exact  determination  of  this  genus  of  pathogenic 
insects. 

Glossina  submorsilansf  n.  sp. 

Nearly  related  to  Glossina  morsitans,  Westw.,  in  having  the  tips 
of  all  the  tarsi  dark.  There  are  two  well-marked  varieties:  a 
dark  form  and  a  light  form.  The  former  may  be  readily 
distinguished  by  its  general  dusky  or  dull  vinous-grey  colour  and 
generally  smaller  size;  the  pale  form,  however,  very  closely 
resembles  G.  morsitans  in  the  general  colour  of  the  abdomen ;  but 
the  bilateral  abdominal  bands  are:  — 

(a)  much  more  clearly  and  sharply  defined. 

(b)  equally  and  more  narrowly  interrupted  in  the  median  line, 

between  the  thirds  fourth,  and  fifth  segments. 

(c)  slightly  rounded  medially  and  suddenly  tapering  towards 

the  lateral  margins. 

In  G.  morsitans  the  bands  are:  — 

(a)  not  so  sharply  defined  medially. 

(b)  gradually  interrupted  in  the  middle  line,  the  space 

between  the  third  being  much  greater  than  the  space 
between  the  fifth,  and  the  dark  colour  gradually  shades 
off  into  the  pale  colour  forming  the  median  line. 

(0  broadly  rounded  medially,  and  a  very  gradually  tapenng 
towards  the  lateral  margins. 

The  morphological  character  of  the  genital  armature  of  the 
males  of  these  species,  respectively,  are  easily  separable  by  the 
form  of  the  median  processes. 

Dark  Form. — Thorax  grey,  with  the  usual  dark  brownish 
longitudinal  markings,  generally  relatively  small,  sometimes 
reduced  to  elongated  spots.  Abdomen  dull  olivaceous  grey,  with 


372 


a  faint  vinous  tinge,  most  pronounced  on  the  second  and  third 
segments;  second  segment  with  a  large  bilateral  inf uscated  blotch, 
often  enclosing  a  small  but  distinct  sub-central  blackish  spot,  but 
occasionally  also  the  spots  are  separated,  and  in  some  examples  the 
small  dark  one  only  remains ;  the  third  to  the  sixth  segment,  inclusive, 
with  sharply  defined  and  conspicuous  blackish  bands,  narrowly 
interrupted  in  the  median  line.  Legs  with  the  tips  of  the  last  two 
segments  of  the  front  and  middle  tarsi  black;  the  last  two  segments 
of  the  hind  tarsi  uniformly  black. 

Length. — 7  to  8  mm. ;  length  of  wing,  7  to  8  mm. 

Type ,  male  and  female  (Coll.  British  Museum),  Katangura 
River,  between  Katangum  and  Geidam,  Northern  Nigeria.  Dr. 
F.  W.  McKay. 

PALE  Form. — Thoracic  markings  similar  to  those  in  the  dark 
form;  but  the  pleurae  are  generally  paler.  Abdomen  greyish  buff, 
with  a  pale  vinous  tinge;  bilateral  blackish  bands,  very  sharply  and 
clearly  defined  and  narrowly  interrupted  in  the  median  line;  those 
on  the  third,  fourth,  and  fifth  segments  being  almost  equally 
separated  by  the  pale  median  stripe;  the  bands  are  also  only  very 
slightly  rounded  medially,  and  rather  suddenly  so  towards  the 
lateral  margins.  Legs  as  in  the  dark  forms. 

Two  co-type  males  and  a  female  (Coll.  Brit.  Museum)  were 
captured  by  Dr.  A.  Kinghorn  at  Sabiya-Boge,  Northern  Ashanti, 
24th  April,  1910.  Eight  additional  specimens  were  also  captured  by 
Dr.  Kinghorn  in  various  localities  in  Ashanti,  all  of  which  have 
pale  abdomens  as  in  the  types. 

Glossina  brevipalpis ,  n.  sp. 

This  tsetse  fly  may  be  easily  recognised  from  the  two  western 
representatives  of  the  fusca  group  ( G .  fusca  and  G.  grossa )  by  its 
shorter  and  stouter  palpi,  its  generally  paler  colour,  and  somewhat 
indefinite  thoracic  markings;  in  the  morphological  characters  of 
the  male  armature;  also  by  the  great  length  of  the  median  process; 
the  presence  of  a  long  bilateral  row  or  band,  of  squamose  spines; 
and  in  the  form  of  the  harpes. 

Length. — >10-12  mm.;  length  of  wing,  11-1150  mm. 

Male.  Head  with  the  front  uniformly  pale  ochreous  brown, 
frontal  margins  brighter.  Antennae  pale  ochreous,  with  the  anterior 
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half  infuscated;  arista  infuscated  at  the  base.  Eyes  slightly 
converging.  Palpi  relatively  short  and  stout.  Thorax  dark  brown, 
with  the  markings  dusky  grey-brown,  these  vary  in  intensity,  but  are 
usually  more  or  less  indefinite. 

Abdomen  dark  brown;  second  segment  scarcely  paler  than  the 
others;  margins  and  posterior  angles  sometimes  narrowly  paler. 

Legs  pale  ochreous  brown;  last  two  segments  of  middle  and 
hind  tarsi  dark,  blackish;  last  two  segments  of  front  tarsi  either 
with  or  without  brownish  tips;  front  femora  infuscated  dorsally, 
and  slightly  so  laterally  on  the  inside;  hind  tibiae  with  a  more  or 
less  distinct  infuscated  band;  venter,  in  examples  which  have  not 
partaken  of  a  meal  of  blood,  pale  ochreous  brown,  margins  of  the 
third  to  the  sixth  infuscated  ;  stigmata  dusky  ochreous. 

Female.— Colour  pattern  closely  resembling  that  of  the  male, 
but  with  the  hind  and  lateral  margins  generally  more  strongly 
pronounced. 

Type,  female,  Songwe  River,  N.  Nyasa,  ;th  January ,1909  (Dr. 
J.  B.  Davey).  Co-type,  male,  near  Kporo,  N.  Nyasa,  5th  August, 

1909  (Dr.  J.  B.  Davey). 


Glossina  grossa,  Bigot. 

Ann.  Soc.  Ent.  Fr„  Vol.  LX,  p.  377  (ifcO-  Female  only. 

This  species  is  distinguishable  from  Glossina  fusca  by  its 
generally  darker  colour;  the  darker  hrnd  tars:  m  the  male,  t 
narrow  lines  on  the  thorax  and  the  strongly  pubescent  "er  ° 
the  antennae.  Morphologically  also  in  the  male  armato  eby  tir 
form  of  the  clasperettes,  the  large  group  of  squamrform 
the  harpes,  and  the  broad  dark  sclerrte  ansmg  from  its  anterror 

portion  near  the  base  of  the  mantle. 

Length. — 11-12  mm. ;  length  of  wing,  n-rr5o  mm. 

TW  very  dark  brown 

pale  longitudinal  stripes ,  scarcely  bro  sefrment 

Lure.  ^Abdomen  blackish  brown,  with  the  second  0^^ 
markedly  paler.  Legs  dusky  ;  hind  ti  dually  paling 

the  last  two  black,  the  rest  also  rather  d  ifnfliscated  band, 

proximally  ;  hind  and  middle  femora  with  a  roa 
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Male. — Head  dusky  brown  to  dusky  buff.  Posterior  surface 
dusky  grey,  sometimes  darker  towards  the  upper  margins;  facial 
pit  grey  to  ochreous  grey;  frontal  margins  shimmering  creamy  white 
or  yellow  white.  Antennae  with  the  terminal  segment  strongly 
recurved ,  and  clothed  with  long  pubescent  hairs,  the  longest  hairs 
on  the  dorsal  edge  being  equal  to  about  three-fourths  the  width  of 
the  segment.  Palpi  long,  relatively  thin  and  dark  brown,  tips 
slightly  darker.  Bulb  of  proboscis  pale,  with  the  proximal  portion 
faintly  infuscated. 

Thorax.  Very  dark  brown  to  blackish  brown,  with  very  narrow, 
pale,  longitudinal  stripes,  the  sub-median  ones  being  generally 
sharply  and  clearly  defined,  and  scarcely  broader  than  the  pale 
transverse  suture ;  pleurae  dark  brown. 

Abdomen.  Blackish  brown,  with  the  second  segment  ochreous 
brown,  theie  is  no  median  stripe  to  the  remaining  segments,  but  a 
trace  of  ochreous  brown  is  faintly  visible  on  the  third,  fourth  and 
hfth;  lateral  margins  of  all  the  segments  narrowly  paler  than  the 
rest,  venter  dusky  ochreous;  sides  of  the  third,  fourth  and  fifth 
segments,  and  also  the  hypopygium,  infuscated;  stigmata  white. 

/.t.gs.  \ellowish  brown  or  buff;  femora  broadly  and  distinctly 
infuscated,  especially  the  middle  and  hind  pair;  middle  and  hind 
tibiae  also  with  a  very  broad  infuscated  blotch;  anterior  tarsi  with 
t  ie  tip  of  the  fourth  segment  black,  last  segment  dark  at  tip  but 
not  black;  middle  tarsi  similar;  hind  tarsi  all  dark  but  the  distal 
mlf  of  the  third  and  the  two  succeeding  ones  all  black;  hairs  on 
ventral  surface  bright  golden  brown. 

d  he  female  differs  from  the  male  in  having  the  legs  decidedly 

pa  ci  the  hind  tarsi  with  the  last  two  segments  black,  the  second 

tmd  with  the  tips  only  black.  The  thoracic  and  abdominal 

ai  mgs,  and  also  the  form  and  strongly  pubescent  character  of  the 

V  terminal  segment  of  the  antennae  are  specifically  the  same  as 
in  the  male.  3 


escribed  fiom  four  examples,  three  males  and  one  female.  Om 
m  C  ™as  ta^en  at  Kasongo,  Congo  Free  State,  6th  February,  1 904 
„n?'.  Ut,ton  and  Todd),  one  at  Sunyani,  Ashanti,  5th  March,  1910, 
and  the  third  at  Atroni,  W.  Ashanti,  16th  August,  1910  (Dr.  A. 

i>V  lorn  .  The  only  female  I  have  yet  seen  was  taken  at  Odumase, 
Wm  Ashant1’  2^th  April.  1910,  by  Dr.  A.  Kmghorn. 
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Glossina  fuscipes,  n.  sp. 

This  tsetse  fly  may  be  readily  distinguished  from  GL.  palpalis, 
Rob.-Desv. ,  by  its  much  smaller  size,  by  the  uniformly  infuscated 
or  dusky  legs,  and  the  dusky  grey  thorax.  In  size  it  resembles 
G.  tachinoides,  West,  but  it  is  a  relatively  stouter  built  insect;  and 
altogether  it  is  most  like  a  dwarfed  specimen  of  Gl.  palpalis  with 
infuscated  legs  and  a  dusky  thorax.  The  genital  armature 
resembles  those  of  Gl.  palpalis  and  GL  tachinoides  in  its  general 
form;  but  the  shape  of  the  superior  claspers  and  the  inferior 
claspers  are  markedly  distinct  from  those  of  either  of  these  insects. 

Length. — mm. ;  length  of  wing,  8  mm. 

MALE.— Head :  Frontal  stripe  yellowish  brown,  margins  dusky 
white;  ocellar  triangle  buff,  enclosing  a  very  dark  brown  spot. 
Antennae  grey;  arista  dark  brown  ventrally.  Palpi  smoky  brown, 
with  a  paler  narrow  median  line.  Proboscis  with  the  bulb  dark 
castaneous. 

Thorax  with  a  median  dark  grey  rectangular  area  extending 
from  the  front  to  the  scutellum,  the  sides  of  which  are  perfectly 
straight  and  parallel,  on  either  side  of  this  grey  area  are  two 
greyish-black,  and  somewhat  triangular  blotches,  evidently 
remnants  of  those  found  in  other  species  of  Glossina;  scutellum 
dark  grey,  with  a  very  faint  pale  grey  median  line,  margins  bull ; 
sides  of  the  lateral  thoracic  depressions  dark  brown  or  almos 
black;  pleurae  dark  grey. 

Abdomen  resembling  that  of  GL  palpalis ,  but  the  bilateral 
banding  faintly  pronounced;  lateral  margins  with  pale  angu  ai 
areas. 

Legs  strongly  and  almost  uniformly  infuscated  (dark  grey); 
femora  with  the  basal  and  ventral  portions  ochreous  buff ;  hind  tarsi 
all  dark  brown  or  almost  black. 

Wings. — Anterior  transverse  vein  strongly  and  su  en  y 
incrassate  at  its  junction  with  the  third  longitudinal  vein. 

Habitat.— The  only  example  which  we  possess  of  this  interesting 
tsetse  fly  was  taken  by  Dr.  Shircore,  at  Nimule,  Prov^c  > 

Uganda.  Fortunately  it  proved  to  be  a  male,  otherwise  it  ma\ 
passed  as  a  small  dusky  form  of  Glossina  palpalis. _ 

*  The  data  here  given  arc  taken  from  Dr.  Shircore’,  letter  ;  the  actual  locality  is  not  stated  by 
him.  R.  N. 
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DESCRIPTIONS  OF  A  NEW  GENUS 
AND  THREE  NEW  SPECIES  OF 
ANOPHELINE  MOSQUITOS 

BY 

R.  NEWSTEAD,  M.Sc.,  A.L.S.,  &c., 

AND 

H.  F.  CARTER 

(diploma,  south  eastern  agricultural  college,  WYE) 

( Received  for  publication  15  December ,  1910) 

DACTYLOMYIA,  nov.  gen.  (Newstead  and  Carter) 

(Figures  1-3) 

Head. — Clothed  with  upright  forked  scales;  palpi  rather  densely 

scaled.  , 

Thorax  (fig.  2).— With  a  distinct  and  very  pronounced 

cylindrical-shaped  tubercle  or  finger-like  process  projecting 
obliquely  from  the  prothoracic  region,  mid-way  between  the  dorsum 
and  venter,  and  arising  from  the  anterior  margin.  Thorax  and 
abdomen  clothed  with  hairs. 

Wings.— With  dense  lanceolate  scales.  Judging  by  the  character 
and  distribution  of  the  scales  this  genus  comes  near  Anopheles ;  ut 
owing  to  the  remarkable  structures  mentioned  above  it  is  easi  y 
distinguishable  from  any  other  known  genus  of  the  Anophehnae. 

Dactylomyia  ceylonica,  nov.  sp.  (Newstead  and  Carter) 

Under  pocket  lens  x  16. 

Head— Black  in  the  centre,  white  in  front;  palpi  brown,  with 
three  white  bands  and  a  few  spots  at  the  base,  the  apica 
being  the  narrowest ;  proboscis  with  the  apical  half  ye  ow,  ex  -P 

for  a  minute  black  band  near  the  apex. 

Thorax  and  abdomen  dark,  covered  with  golden  haiis. 
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Legs. — Brown,  with  the  femora,  tibiae  and  metatarsi  spotted, 
the  apex  of  the  tibiae  with  a  white  spot ;  tarsi  narrowly  banded. 

Wings. — With  two  small  basal  and  four  large  costal  spots,  and 
many  spots  on  the  wing  field;  fringe  with  a  large  pale  spot 
extending  from  the  middle  of  the  first  fork  cell  to  a  short  distance 
below  the  apex  of  the  third  long  vein;  there  are  other  pale  areas  at 
the  apices  of  the  veins. 

Microscopical  characters. 

Head.  Black,  with  a  tuft  of  long  white  scales  and  several  pale 
bristles  projecting  between  the  eyes;  the  rest  clothed  apparently 
witn  white,  upright  forked,  scales  in  front  and  dark  ones  behind, 
but  owing  to  its  rather  denuded  condition  we  cannot  be  certain  as 
to  the  exact  nature  and  distribution  of  the  head  scales. 

Palpi  (fig.  i). — With  the  basal  half  clothed  with  brown  scales, 
with  the  exception  of  three  small  spots  formed  by  white  ones;  the 
apical  portion  with  two  broad  bands  of  pure  white  scales,  a  narrow 
band  of  yellowish  scales  and  short  golden  hairs  at  the  apex. 

Proboscis  (fig.  i). — Distinctly  curved  at  the  base  and  clothed 
with  deep  brown  scales  on  the  posterior  half,  dull  yellow  ones 
anteriorly,  and  immediately  before  the  labella  are  a  few  blackish 
scales,  hardly  sufficient  in  number  to  form  a  band. 

Antennae.  Pale  brown,  the  basal  segment  bare  ( ?  denuded),  the 
first  segment  with  many  white  scales. 

I  borax.  Very  dark  brown,  almost  black,  with  a  greyish  tinge 
at  the  sides;  hairs  pale  ochreous;  thoracic  tubercle  (fig.  2)  distinctly 
c\  lindiical  in  shape  and  gradually  rounded  in  front;  it  is  sufficiently 
prominent  to  be  seen  distinctly  with  a  pocket  lens;  dark  brown, 
s  lining  on  the  denuded  portion,  sparsely  clothed  at  the  apex  with 
fine  pubescent  hairs;  sides  apparently  with  minute  greyish  scales; 
scutellum  daik  brown  with  many  long  dark  border  bristles  and  also 
several  shorter  golden  ones;  halteres  pale,  the  knobs  clothed  with 
small  white  scales. 

1  bdornen.  Dark  brown  covered  with  golden  hairs. 

-egs.-~ Deep  brown;  the  femora,  tibiae  and  metatarsi  with  white 
pots,  tarsi  of  the  first  pair  with  narrow  yellowish  bands  involving 
si  es  of  the  articulations,  last  tarsus  with  dull  ochreous  scales; 
e^s  apical  yellow  bands,  the  last  tarsal  segment,  and 

metatarsus  with  a  distinct  apical  band ;  mid  legs  wanting. 
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Wings  (fig.  3). — Clothed  with  yellow  and  black  lanceolate 
scales;  costa  with  two  small  basal  and  four  large  spots,  the  two 
median  ones  being  the  largest;  the  first  large  spot  extends  evenly 
on  the  sub-costa  and  first  longitudinal  vein,  the  second  extends 
evenly  on  to  the  sub-costa,  but  it  is  represented  by  two  smaller  spots 
on  the  first  longitudinal ;  the  third  and  fourth  spots  extend  evenly 
on  to  the  first  longitudinal  vein,  the  fourth  also  being  continued  to 
the  upper  branch  of  the  first  posterior  cell.  The  second  long  vein 
has  a  spot  just  before  the  cross  vein  and  a  rather  longer  one 
immediately  after;  the  branches  of  the  cell,  besides  the  spot  on  the 
upper  branch  mentioned  above,  have  several  scattered  black  scales. 
Third  vein  with  six  small  sub-equal  patches.  Stem  of  fourth  long 
vein  completely  dark  scaled,  base  of  the  fork  yellowish  upper 
branch  with  a  black  patch  immediately  after  the  fork  and  a  few 
slightly  darker  scales  towards  the  apex,  lower  branch  with  several 
dark  scales,  those  nearest  the  base  forming  a  small  patch.  Fi 
vein  with  a  patch  near  the  base  and  six  small,  almost  equidistom i  , 
spots  on  the  remaining  portion  of  the  stem  and  lower  branch  of  t 
fork,  upper  branch  with  four  spots,  the  first  one  being  just  afte 
the  posterior  vein.  Sixth  vein  also  with  six  small  eqmd^tantspo^ 
Fringe  with  pale  areas  at  the  apices  of  the  veins,  that  at  the  ape. 

the  wing  being  the  largest. 

Length.— 3-5  mm. 

HABITAT. — Trincomalee,  Ceylon  (E.  E.  Green). 

We  are  greatly  indebted  to  our  colleague  Mr.  E.  E. 

Government  Entomologist  of  Ceylon,  for  thrs  extremely  interea  S 
and  unique  mosquito,  and  congratulate  him  on  the  dtscovery  ofsuch 
an  interesting  form.  This  specimen  was  presented  to  the  Wool. 
School  of  Tropical  Medicine,  November,  i9oy,  togethe 
number  of  other  Anophelines,  and  until  quite  recently 
generic  position  had  been  overlooked. 

Pyretophorus  cardamatisi,  nov.  sp.  (Newstead  and  Carter) 
(Figures  4  and  5) 

Under  pocket  lens  x  16. 

Head.— Black  behind,  white  in  front  with  a  projecting  tuft^of 
long  white  scales;  palpi  long  and  thin,  black,  wi 
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bands,  the  apical  one  being  the  broadest;  proboscis  very  long  and 
straight ,  black  with  a  pale  apex. 

Thorax. — Grey-brown  clothed  with  whitish  scales,  with  a  dark 
median  line  and  dark  lateral  ridges. 

Abdomen. — Brown,  with  pale  hairs. 

Legs. — Brown,  with  pale  articulations. 

Wings. — Rather  thinly  scaled,  with  two  small  basal  and  four 
large  costal  spots;  fringe  with  five  pale  areas. 

Microscopical  characters. 

FEMALE. — Head  black,  with  numerous  white  upright  forked 
scales  forming  a  more  or  less  triangular  group  in  front,  the  remaining 
portion  covered  with  black  forked  scales,  with  the  exception  of  a 
few  on  the  posterior  lateral  margin,  which  are  of  a  golden  yellow 
colour;  projecting  between  the  eyes  is  a  tuft  of  elongated  white 
scales  and  several  greyish  bristles. 

Palpi  (fig.  4)  and  proboscis  very  long  and  thin,  the  former 
clothed  with  dark  brown  scales,  with  white  bands  at  the 
articulations,  and  with  a  distinctly  broader  band  at  the  apex,  the 
latter  covered  with  dark  scales,  except  those  on  the  labella,  which 
are  of  a  dull  yellow  colour. 

7  hot  ax. — Integument  of  the  median  dorsal  area  grey-brown,  the 
sides  dark  brown,  forming  two  more  or  less  distinct  stripes,  scales 
on  the  pale  area  greyish  white;  pleurae  paler  than  the  lateral 
margins  of  the  thorax,  almost  bare,  but  with  a  few  scattered  grey 
scales  present. 

Abdomen. — Pale  grey-brown,  with  dark  brown  apical  margins  to 
the  segments,  and  clothed  with  greyish  hairs. 

Legs.  Brown,  all  the  articulations  pale. 

Wings  (fig.  5). — With  lanceolate  scales  on  the  veins.  Costa  with 
two  small  basal  and  four  large  spots,  the  latter  approximately 
equidistant  and  sub-equal  in  length,  all  extending  on  to  the  first 
longitudinal  vein,  spaces  between  the  spots  clothed  with  yellowish 
scales.  1  he  scales  on  the  first  two-thirds  of  the  stem  of  the  second 
longitudinal  vein  chiefly  black,  the  rest  of  the  stem  and  base 
of  the  fork  white;  tip  of  upper  branch  yellow  the  rest  black,  lower 
branch  black  with  the  exception  of  a  small  area  below  the  costal 
spot.  Third  vein  almost  entirely  clothed  with  yellowish  white 


scales,  except  at  the  base  and  apex,  which  are  covered  with  black 
scales.  Basal  two-thirds  of  the  fourth  vein  yellowish,  a  black  spot 
reaching  nearly  to  the  cross  veins,  then  another  black  patch 
commencing  just  after  the  cross  veins  and  terminating  at  the  fork  ; 
base  of  the  fork  yellowish,  upper  branch  with  two  nearly  equal 
black  patches  and  a  median  pale  area ;  lower  branch  similar.  Fifth 
long  vein  with  a  small  black  spot  at  the  base,  rest  of  the  stem 
light,  base  of  fork  pale,  upper  branch  with  a  few  black  scales  before 
the  cross  vein,  space  near  the  latter  with  pale  scales,  followed  by 
a  patch  of  black  scales  then  white  ones,  and  distally  with  a  ew 
black  ones;  basal  one-third  of  the  lower  branch  pale,  the  rest  black 
Scales  on  the  sixth  vein  all  black  with  the  exception  of  two  small 
sub-median  patches  of  white  ones. 

Length. — 4  mm. 

Male. — Palpi  of  the  typical  Anopheline  form  with  three  pale 
bands;  the  first  at  the  apex  of  the  narrow  portion;  the  second 
which  is  much  deeper  ventrally,  at  the  apex  of  the  basal  segment  o 
the  club ;  and  the  third  at  the  extreme  tip.  The  remaining  characters 

as  in  the  female. 

Length.— 3  5-4  mm- 

Habitat.— Athens  (Dr.  J.  P-  Cardamatis). 

The  specimens  of  this  species  were  presented  to  this  School  by 
Dr.  1.  P.  Cardamatis,  November  18th,  1907,  and  we  be  ie\e  a 
they  were  captured  by  him  in  the  summer  of  that  year. 

The  distinctive  characters  of  this  Anopheline  are  the  markedly 
long,  thin,  and  straight  proboscis,  the  banding  of  the  palpi  and 

the  wing  markings. 

Cellin  cincta ,  now  sp.  (Newstead  and  Carter). 

(Figures  6  and  7) 

Under  pocket  lens  x  16. 

Head.— White,  dark  posteriorly;  proboscis  black,  apex  yellow, 
basal  portion  of  palpi  dark  with  dense  outstanding  scales. 

Thorax. — Greyish,  with  lateral  ridges. 

Abdomen. — Blackish  grey,  covered  with  golden  hairs  and  with 
outstanding  tufts  of  scales;  apical  segment  with  yellow  is  1 


Legs. — Femora  and  tibiae  with  numerous  yellow  spots; 
metatarsi  and  tarsi  with  small  alternating  black  and  yellow  rings; 
last  tarsal  joint  in  all  the  legs  yellow. 

Wings. — With  five  costal  spots,  the  two  median  ones  being  much 
the  longest;  fringe  with  six  pale  areas. 

M tcroscopical  characters. 

Head.— With  a  large  and  more  or  less  triangular  area  clothed 
with  white  forked  scales,  these  scales  extend  from  the  vertex  to  the 
extreme  front,  sides  clothed  with  large  dense  black  upright  forked 
scales.  Two  or  more  long  white  bristles  project  over  the  clypeus. 
Antennae ,  basal  segment  greyish  brown;  a  few  of  the  succeeding 
segments  dark  brown,  the  rest  greyish;  short  hairs  silvery  grey. 
Palpi  (fig.  6b)  clothed  with  rough  outstanding  dusky  black 
scales;  articulation  of  the  first  and  second  segments  white  scaled,  in 
more  perfect  examples  these  will  in  all  probability  form  a  distinct 
ring ;  the  basal  portion  of  the  second  segment  is  also  clothed  with 
dusky  black  scales;  the  remaining  portions  of  the  palpi  are 
unfortunately  wanting. 

Proboscis  dusky  black,  with  the  labella  yellowish  white. 

Ihorax. — Prothoracic  lobes  clothed  with  long  outstanding 
blackish  scales,  these  are  distinctly  spathuliform  in  shape,  with 
suddenly  truncated  apices.  Thorax  greyish  brown,  with  white 
scales;  on  the  front  of  the  mesothorax  these  are  very  narrowly 
spindle-shaped,  and  when  viewed  obliquely  appear  as  narrow  curved 
°nes,  those  on  the  lower  portion  of  the  thorax  behind  the  wings  are 
distinctly  spindle-shaped  and  more  dusky-white  than  those  in  front; 
sides  of  thorax  in  front  greyish.  Posteriorly  the  pleurae  are 
brownish,  and  with  a  few  scattered  white  scales.  Halteres  with  a 
greyish  stem,  apex  darker  with  a  few  brown  scales. 

Abdomen. — Distinctly  dark  slaty'  grey;  hairs  pale;  apical 
margins  with  dense  dark  brown  outstanding  scales,  intermixed  with 
these,  dorsally,  are  a  few  greyish  white  ones;  apical  segment 

clothed  chiefly  with  yellowish  white  scales;  venter  blackish,  with 
pale  hairs. 

Legs  (fig.  6a). — Middle  and  hind  femora  and  tibiae  very 
conspicuously  spotted  with  yellowish  white  scales,  so  distinctly  so, 
to  appear  almost  ringed;  knees  yellowish  white;  metatarsi  and 


tarsi  with  distinct  and  equidistant  pale  yellowish  rings;  terminal 
segment  uniformly  yellow. 

Wings  (fig.  7). — Clothed  with  black  and  yellow  lanceolate  scales ; 
costa  with  five  spots,  all  extending  on  to  the  first  long  vein,  the 
third  spreading  evenly  on  to  sub-costa,  but  interrupted  on  the  first 
long  vein  by  a  group  of  yellowish  scales  near  the  proximal  portion. 
Second  vein  with  black  patches  of  scales  immediately  before  and 
after  the  cross  vein,  upper  branch  of  the  fork  except  at  the  base  and 
extreme  apex  black  scaled,  lower  branch  with  a  pale  spot  at  the 
base,  then  a  short  black  patch,  and  the  remaining  portion  clothed 
with  pale  scales,  some  of  which  are  tinged  with  black.  1  hird  \ein 
entirely  yellow  scaled,  with  the  exception  ol  a  few  black  scales  at 
the  extreme  base  and  apex.  Stem  of  the  fourth  longitudinal  vein 
with  a  large  spot  just  before  the  fork,  a  few  black  scales  behind  the 
posterior  cross  vein  and  at  the  base ;  upper  branch  with  two  spots, 
lower  branch  with  one  median  dark  patch.  Fifth  long  vein  with  a 
few  black  scales  at  the  base  of  the  wing,  the  rest  being  yellow; 
upper  branch  with  a  small  black  patch  at  the  base,  a  larger  one  at 
the  apex  and  another  in  the  middle;  lower  branch  completely 
yellow  scaled,  except  for  a  small  black  spot  at  the  apex.  Sixth 
vein  with  a  yellow  patch  towards  the  base,  the  remaining  portion 
black  scaled.  Fringe  with  pale  areas  at  the  apices  of  the  veins. 

Length. — 3  mm. 

Habitat. — This  interesting  Anopheline  was  captuiccl  by  r- 
A.  S.  Donaldson  at  Broomassie,  W.  Africa. 

It  is  markedly  distinct  from  any  other  hitherto  described  species 
of  Cellia,  and  may  be  readily  distinguished  by  the  very  conspicuous 
and  regularly  disposed  rings  on  the  mid  and  hind  legs.  It  may 
be  further  distinguished  also  by  the  rough  outstanding  scales  011 
the  palpi.  The  only  specimen  which  we  possess  is  in  a  splen  ir 
state  of  preservation  so  far  as  it  goes,  but,  unfortunately,  both  the 
anterior  legs  and  the  apical  segments  of  the  palpi  are  wanting. 
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Fig.  i.  Hoad  of  Dactylomyia  ceylonica. 
(Newstead  and  Carter.) 


Fig.  Portion  of  thorax,  showing  tubercles,  of 
Dactylomyia.  (Newstead  and  Carter.) 


Fig.  3.  Wing  of  Dactylomyia  ceylonica. 
(Newstead  and  Carter.) 


11  F.  Carter,  del. 


Errata. 


Plate  XXIV,  figs.  6,  7. 

For  Cellia.  annulipes  read  Cellia  cincta . 
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H-  F.  Curler,  del. 
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A  NOTE  ON  THE  PATHOLOGY  OF 
LESIONS  OF  THE  CORNEA  AND  SKIN 
IN  ANIMALS  EXPERIMENTALLY  IN¬ 
FECTED  WITH  T.  RHODESIENSE 


BY 

WARRINGTON  YORKE,  M.D. 

[From  the  Runcorn  Research  Laboratories  of  the  Liverpool  School 
of  Tropical  Medicine). 

Received  for  publication  2  November,  1910) 


As  mentioned  in  a  previous  paper  three  goats  and  a  horse 
infected  with  T.  rhodesiense  all  developed  an  interstitial  keratitis 

of  a  remarkably  transient  character. 

Goat  1.  On  the  sixth  day  after  inoculation  the  temperature  rose 
to  1 07°  F.  and  parasites  appeared  in  the  peripheral  blood,  one  being 
found  to  a  field  (Zeiss  objective  DD,  eye-piece  4).  During  the 
next  five  days  parasites  were  present  in  the  blood  in  small  numbers, 
one  to  from  twenty  to  fifty  fields.  Subsequently  the  temperature 
fell  to  103°  F.,  and  except  on  the  thirty-first  day,  when  one 
trypanosome  was  seen  in  fifty  fields,  parasites  were  not  again  found 
in  the  blood  until  the  day  of  death,  which  occurred  on  the  fifty-fifth 
day  after  inoculation,  when  one  trypanosome  was  present  m  fifty 
fields. 

On  the  fifteenth  day  a  distinct  swelling  of  the  skin  and 
subcutaneous  tissue  was  visible  below  the  eyes  and  o\er  the  nasal 
bones.  This  condition  became  gradually  more  marked  and 

persisted  until  the  animal’s  death. 

On  the  seventeenth  day  it  was  noticed  that  the  lower  portion  of 
the  left  cornea  was  slightly  milky  in  appearance.  This  cloudiness 
rapidly  became  more  dense,  until  on  the  nineteenth  day  the  woe 
of  the  lower  two-thirds  of  the  left  cornea  was  densely  opaque. 


•  Yorke.  ‘On  the  Pathogenicity  of  a  Trypanosome  (T.  rbodestense)  Join 
Sickness  contracted  in  Rhodesia.'  Ann.  Trop.  Med.  and  Parasitol..  VoL  IV,  p. 
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Slight  opacity  of  the  right  cornea  was  now  apparent.  On  the 
twenty- fourth  day  both  corneae  were  opaque.  During  the  next  week 
the  opacity  gradually  disappeared,  until  on  the  thirty-second  dav 
the  eyes  appeared  perfectly  normal.  On  the  thirty-seventh  day  the 
left  cornea  again  became  cloudy,  and  on  the  thirty-ninth  was 
opaque.  The  following  day  slight  opacity  was  observable  in  the 
other  cornea.  The  left  cornea  remained  densely  opaque  and  the 
right  slightly  cloudy  until  the  death  of  the  animal. 

Goat  2.  Parasites  were  first  observed  in  the  blood  (one  to  fifty 
fields)  on  the  fourth  day  after  inoculation.  In  the  course  of  the 
next  thirty-three  days  they'  were  found  on  ten  occasions  in  very  small 
numbers.  During  the  last  nine  days  no  parasites  were  found.  The 
animal  died  on  the  forty-sixth  day.  The  temperature  never  rose 
above  104°  F.  Oedematous  swelling  of  the  integuments  below  the 
eyes  and  over  the  nasal  bones  appeared  on  the  sixteenth  day  and 
persisted  until  death. 


On  the  thirty-sixth  day'  slight  opacity  of  the  left  cornea  was 
observed  for  the  first  time,  (  he  opacity  rapidly  spread  from  below 
upwards,  until  on  the  thirty-eighth  day  the  left  cornea  was  densely 
opaque  in  its  lower  two-thirds.  On  the  thirty-ninth  day  the  left 
cornea  was  found  to  be  clearing,  whilst  there  was  a  slight  cloudiness 
<>f  the  cornea  of  the  opposite  eye.  The  following  day  the  right 
cornea  was  opaque.  During  the  next  few  days  the  opacity  rapidly 
disappeared  from  both  eyes,  until  on  the  forty-second  day  the  left 
cornea  was  clear  and  the  right  almost  clear.  During  the  last  four 
day's  the  right  cornea  became  slightly  more  cloudy;  the  left 
remained  clear  until  death. 

Goat  3.  Parasites  (one  to  fifty'  fields)  first  seen  in  the  blood  on 
the  eleventh  day  after  inoculation.  They  were  subsequently  found 
in  very  small  numbers  on  the  twenty-first  and  thirty-ninth  days. 
I  he  animal  died  on  the  fifty-fourth  day.  Temperature  remained 
between  103  and  104°  F.  Oedematous  condition  of  the  skin  of  the 
lace  apparent  on  the  thirtieth  day  and  persisted  until  death. 

Slight  cloudiness  of  the  lower  portion  of  the  right  cornea 
appeared  for  the  first  time  on  the  thirty-ninth  day.  The  opacity 
rapidly  increased  in  extent  and  density',  until  on  the  forty-second 
C  a>' tlle  whole  cornea  was  densely  opaque.  The  condition  persisted 
anti  death.  The  left  cornea  was  unaffected. 
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In  none  of  the  goats  was  any  other  pathological  condition  of  the 
eye  observed.  The  pupils  dilated  normally  with  atropine.  There 
was  no  conjunctivitis  nor  injection  of  the  sclerotic. 

HORSE  i.  Parasites  were  first  found  in  the  blood  on  the  seventh 
day.  Subsequently  they  were  present  regularly  in  small  numbers 
until  the  animal’s  death  on  the  thirty-eighth  day. 

Slight  haziness  of  the  left  cornea  was  first  apparent  on  the 
thirty-fifth  day.  The  condition  gradually  increased  in  severity, 
until  at  the  time  of  death  the  whole  cornea  was  cloudy. 

The  right  cornea  was  unaffected.  1  he  sclerotic  of  the  left  eye 
was  slightly  injected. 

For  the  purpose  of  studying  the  histological  appearances  the 
eyes  were  removed  at  the  time  of  death  and  small  portions  of  the 
cornea  fixed  in  various  fluids,  viz.,  formalin  io  per  cent., 
Flemming’s  solution  and  mercuric  chloride  alcohol.  I  he  tissues  were 
embedded  in  paraffin  and  the  sections  stained  with  Heidenhain’s 
iron  alum  hacmatoxylin,  Breinl’s  safranine  methylene-blue  orange 
tannin,  Giemsa  and  van  Gieson.  The  best  results,  so  far  as  the 
staining  of  the  parasites  was  concerned,  were  obtained  by  staining 
the  tissue  which  had  been  fixed  in  Flemming’s  solution  by  either 
the  iron  alum  haematoxylin  or  the  safranine  methylene-blue  orange 
tannin  method.  In  well-fixed  sections  stained  by  these  methods 
the  trypanosomes  stained  exceedingly  well,  and  the  different 
portions  of  the  parasites  were  easily  distinguished.  On  the  other 
hand,  in  those  which  had  been  fixed  with  formalin,  the  parasites  did 
not  stain,  or  at  the  best  were  very  indistinct. 

For  purposes  of  description  the  eight  corneae  examined  may  be 
grouped  into  four  classes. 

I.  Those  which  were  densely  opaque  at  the  time  of  death,  viz., 
left  cornea  of  Goat  l  and  the  right  of  Goat  3.  In  these  the  moibid 
changes  were  very  marked.  The  pathological  conditions  in  the  two 
were  somewhat  different.  In  the  left  cornea  of  Goat  1  the  lesions 
were  entirely  confined  to  the  substantia  propria,  the  anterior  and 
posterior  epithelial  layers  being  unaffected.  Scattered  throughout 
the  substantia  propria,  which  was  almost  twice  as  thick  as  that  of  a 
normal  eye,  were  small  oedematous  patches.  These  were  situate 
for  the  most  part  in  the  anterior  third  of  the  substantia  propria.  In 
the  distended  interlamellar  spaces  were  a  few  leucocytes  vboth 
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polymorphonuclear  and  mononuclear )  and  also  large  numbers  of 
trypanosomes.  In  the  deeper  layers  of  the  substantia  propria  there 
was  marked  cellular  infiltration  and  also  considerable  vascular 
formation.  These  areas  also  extended  in  places  into  the  anterior 
third  reaching  occasionally  almost  to  the  anterior  homogeneous 
membrane.  Trypanosomes  were  found  scattered  throughout  this 
portion  of  the  cornea  and  in  certain  spots  they  existed  in  enormous 
numbers. 

Appearances  somewhat  similar  to  the  above  have  been  described 
by  Morax"  as  occurring  in  the  corneae  of  dogs  and  goats  infected 
with  T.  equiperdum. 

The  state  of  affairs  obtaining  in  the  right  cornea  of  Goat  3 
represented  a  rather  more  advanced  stage.  The  substantia  propria 
was  about  three  times  as  thick  as  that  of  a  normal  cornea,  and 
exhibited  similar  changes  to  those  described  in  the  previous  case, 
viz.,  markedly  oedematous  areas  lying  side  by  side  with  patches 
of  intense  leucocytic  infiltration.  There  was  also  some  extravasation 
of  red  cells  from  the  newly-formed  vessels.  The  morbid  processes 
were  not,  however,  confined  to  the  substantia  propria,  but  had 
involved  the  anterior  epithelial  layer,  which  in  places  was  separated 
from  the  substantia  propria  by  inflammatory  exudation.  In  these 
regions  the  epithelial  cells  were  degenerated  and  stained  badly,  and 
at  some  points  were  completely  disintegrated. 

In  contradistinction  to  the  previous  case  only  few  trypanosomes 
were  iound  scattered  throughout  the  substantia  propria. 

II.  1  hose  which  were  slightly  opaque  at  the  time  of  death,  viz., 

1  ight  cornea  ol  Goat  1  and  of  Goat  2  and  the  left  of  the  horse.  Here 
the  lesions  were  limited  to  the  substantia  propria  which  was  slightly 
mu  eased  in  thickness.  In  the  deeper  layers  near  the  corneo- 
sclerotic  junction  there  was  considerable  cellular  infiltration  and 
slight  vascular  formation.  Elsewhere  the  only  change  visible  was 
a  slightly  oedematous  condition  with  the  occurrence  of  a  few 

leucocytes  and  trypanosomes  scattered  throughout  the  interlamellar 
spaces. 

III.  I  he  left  cornea  of  Goat  2,  which  after  being  densely 
opaque  had  subsequently  become  perfectly  clear  again.  The 

Pasteur^roo^n31'^115  ocu,aires  au  cours  des  Trypanosomiases,’  Annales  de  ITnstitui 


anterior  and  posterior  epithelial  layers  were  normal.  1  he 
substantia  propria  was  slightly  thicker  than  normal  and  oedematous 
in  places.  Near  the  corneo-sclerotic  junction  there  was  considerable 
infiltration  of  polymorpho-  and  mono-nuclear  leucocytes  and  some 
new  vascular  formation,  but  elsewhere  only  a  few  leucocytes  were 
found.  No  parasites  were  seen. 

IV.  The  left  cornea  of  Goat  3  and  the  right  of  the  horse,  which 
had  remained  unaffected  throughout  the  disease.  In  these  nothing 
abnormal  was  observed  microscopically. 

A  comparable  condition  of  affairs  was  found  to  exist  in  the 
lesions  of  the  skin  of  an  infected  rabbit. 

Small  pieces  of  skin  were  removed  from  the  following  different 
areas: — (#)  Normal  skin  of  back;  (£)  area  recently  affected  in  which 
the  hair  was  being  shed  and  the  skin  oedematous;  ( c )  bald  markedly 
oedematous  area;  ( d )  region  which  had  been  bald  for  some  weeks 
and  showed  some  signs  of  recovery.  1  he  thickening  of  the  skin 
had  largely  disappeared  and  there  was  a  slight  re-growth  of  hair. 

The  methods  of  fixing  and  staining  were  those  employed  for  the 
cornea. 

The  histological  appearances  presented  by  sections  of  skin  from 
these  different  areas  may  be  classified  as  follows  :  — 

( a )  No  pathological  changes  and  no  parasites  were  found. 

( b )  Large  numbers  of  trypanosomes  were  found  lying  in  the 
oedematous  interstitial  spaces.  There  was  also  considerable 
cellular  infiltration. 

(c)  In  this  region  the  skin  was  considerably  thickened  and 
markedly  oedematous.  Enormous  numbers  of  trypanosomes  were 
present.  There  was  great  cellular  infiltration  involving  the  hair 
follicles  and  glands.  Many  of  the  hair  follicles  had  completely 
disappeared. 

(d)  Here  no  parasites  were  found.  The  skin  was  not  distended 
with  fluid  and  the  cellular  infiltration  was  only  slight. 

Judging  from  the  appearance  presented  by  this  series  of  sections 
of  the  cornea  and  skin  the  course  of  events  would  seem  to  be 
somewhat  as  follows :  — 

In  early  lesions  trypanosomes  are  present  in  the  tissues,  and  as 
a  result  there  is  an  oedematous  condition  of  the  part,  and  a  more 
ur  less  marked  degree  of  leucocytic  infiltration. 


Later  as  the  number  of  parasites  increases  the  morbid  condition 
becomes  more  accentuated.  Large  numbers  of  leucocytes  are  poured 
into  the  tissue  and  new  vessels  develop.  After  a  time  the  parasites 
disappear  and  with  their  disappearance  there  is  a  tendency  on  the 
part  of  the  tissue  to  recovery. 

The  rapidity  with  which  these  processes  occurred  in  the  cornea 
is  very  remarkable.  One  can  hardly  suppose  that  the  changes  in  the 
right  cornea  of  Goat  i  and  the  left  of  Goat  2,  which  from  being 
densely  opaque  were  after  the  interval  of  a  few  days  apparently 
normal,  had  progressed  so  far  as  the  formation  of  new  vessels;  yet, 
on  account  of  the  extreme  opacity,  there  must  have  been  very 
considerable  cellular  infiltration,  although  this  might  in  part  be 
explained  by  the  presence  of  enormous  numbers  of  parasites  such  as 
were  seen  in  the  left  cornea  of  Goat  1 ,  which  was  densely  opaque  at 
the  time  of  death. 

I  he  fact  that  trypanosomes  can  multiply  so  readily  in  the  tissue 
spaces  and  at  the  same  time  be  either  entirely  absent  from  the  blood, 
or  present  in  very  small  numbers  only,  is  one  of  considerable 
interest,  although  the  explanation  is  not  very  obvious.  Perhaps 
the  tissue  juices  form  a  more  favourable  nidus  for  the  growth  of 
the  parasites,  or  possibly  in  these  situations  they  escape  to  some 
extent  the  action  of  certain  anti-bodies  which  have  been  shown  to 
exist  in  the  blood.  Whatever  the  cause  may  be,  the  observation 
illustrates  in  what  manner  it  is  possible  for  an  animal  to  be  heavily 
infected  and  at  the  same  time  present  no  parasites  in  the  peripheral 
circulation. 

J  he  drawings  were  clone  by  Miss  A.  M.  Brookfield. 
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description  of  plates. 

Plate  XXV. 

cornea  of  Goat  i.  Fixed  with  Flemming’s  solution.  Stained 
h>  Heide nhain’s  iron  alum  haematoxylin  method.  Drawn 
with  Abbe  camera  lucida,  2  mm.  apochromatic  objective 
and  No.  8  compensating  ocular  (Zeiss).  Magnification 
b. 000  diameters. 

Considerable  oedematous  infiltration  of  the  substantia 
propria.  In  the  distended  interstitial  spaces  are  large 
numbers  of  trypanosomes.  The  parasites  are  cut  in 
'  ar*ous  directions,  some  transversely  and  others 
obliquely,  whilst  others  are  lying  horizontally  in  the 
plane  of  the  section. 

There  is  also  considerable  infiltration  of  polymor¬ 
phonuclear  and  mononuclear  leucocytes.  Two  small 

ood  vessels  are  seen  in  the  lower  portion  of  the 
drawing. 
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Plate  XXVI. 

Right  cornea  of  Goat  3. — Fixed  with  Flemming’s  solution.  Stained 
by  Breinl’s  saf ranine  methylene-blue  orange  tannin 
method.  Drawn  with  Abbe  camera  lucida,  2  mm. 
apochromatic  objective  and  No.  12  compensating  ocular 
(Zeiss).  Magnification  1,500  diameters. 

The  drawing  represents  a  small  portion  of  an  area 
of  marked  cellular  infiltration  and  vascularisation.  A 
small  vessel  runs  vertically  across  the  field.  Trypano- 
somes,  polymorpho-  and  mono-nuclear  leucocytes  are 
seen  lying  between  the  fibres  of  the  substantia  propria. 


PLATE  XXVI 
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I.  INTRODUCTION 

In  a  previous  papert  by  us,  we  recorded  our  observations  on 
this  case  during  two  and  a  half  months,  and  described  particularly 
the  regular  periodical  rises  in  the  numbers  of  trypanosomes  disclosed 
in  the  patient’s  peripheral  blood  by  methodical  daily  countings 
extending  over  that  period.  Our  technique  has  been  detailed  in 
another  paper  by  us  on  ‘  Enumerative  Studies  on  Malarial  Feven  , 
We  now  record  our  further  observations  on  the  case  during  " 
months — until  the  patient's  death.  A  chart  and  a  table  g-mg  da  ly 
details  of  the  observations  are  attached;  and  accompanying  papers 
by  Drs.  H.  B.  Fantham  and  J.  G.  Thomson  record  studies  on 
animals  and  on  the  parasites  themselves.  We  must  refer  also  to  a 
recen,  communication  by  Drs.  J.  W.  W.  Stephens  and 
suggesting  that  the  species  found  in  this  case  may  not  be  identical 

"Th,  scr.  ... 

,54  lbs.,  was  infected  in  N.E.  Rhodesia  near  the  Rner  Lu  ^  ^ 

September,  1909.  The  trypanosomes  were  found  in 

Africa  on  November  17.  _ _ 

•  Reprinted  from  Proc.  Roy.  Sne..  B,  Vnl.  I.XXXIII.  p-  l87- 
I  Proc.  Roy.  Soc.,  July  21,  1910,  B»  557- 
;  Ann.  Trop.  Med.  nnd  Parasit.,  Vol.  TV.,  No-  3- 
S  Ibid. 


He  was  admitted  into  the  Royal  Southern  Hospital  on 
December  4.  Daily  estimation  of  the  number  of  trypanosomes  per 
cubic  millimetre  of  his  blood  was  commenced  on  February  16,  and 
continued  till  his  death  on  June  29.  a  period  of  134  days.  During 
that  period  we  never  failed  to  lind  trypanosomes.  The  history 
of  the  case  from  February  16  is  recorded  graphically  on  the  chart. 

The  patient  had  glandular  swellings  and  ill-defined 
erythematous  rashes  on  his  legs  at  various  intervals.  On  April  20 
he  had  a  severe  attack  of  vomiting  which  continued  for  four  days; 
in  consequence  he  lost  10  lbs.  in  weight  and  was  never  again  so 
well.  He  remained  in  bed  onwards  till  his  death.  He  became 
progressively  more  drowsy,  with  intervals  of  more  or  less 
comparative  brightness.  His  memory  and  mental  powers  failed 
steadily.  On  May  7  he  developed  a  marked  neuritis  due  to  the 
atoxyl,  and  every  dose  seemed  to  aggravate  the  neuro-retinitis 
produced  by  the  previous  administration  of  this  drug.  His  eyes 
were  examined  weekly  by  Dr.  Hamilton,  oculist  to  the  hospital. 

On  May  10  both  legs  became  markedly  oedematous  and 
remained  so  till  his  death.  On  May  13  he  became  much  worse  and 
developed  paralysis  of  his  sphincters.  He  seemed  about  to  die. 
but  on  May  20  a  sudden  remarkable  improvement  took  place.  Soon, 
however,  he  again  commenced  to  grow  steadily  worse. 

On  June  25  he  developed  pleurisy  and  pneumonia.  He  died  on 
June  29. 

Post  mortem. — Performed  twenty-two  hours  after  death:  — 

Brain.  Membranes  thickened  and  white.  Vessels  congested. 
(  erebrospinal  fluid  increased. 

£  eft  lung. — Broncho-pneumonia . 

l-eft  -pleural  cavity. — Contained  one  pint  of  yellow  pussy  fluid. 
Spleen.  Soft  and  much  enlarged ;  weight,  33  ozs. 

Liver. — Enlarged;  weight,  6  lbs. 

Blood. — No  trypanosomes  could  be  found.  Leucocytes, 
'7.000  per  cubic  millimetre.  Polymorph  excess. 

Smears  of  bone  marrow,  spleen,  kidney,  mesenteric  glands,  and 
1  eiebrospinal  fluid,  all  showed  large  numbers  of  small  and  large 
mononuclear  cells,  but  no  trypanosomes  could  be  detected. 
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II.  CONTINUANCE  OF  THE  PERIODICAL  CYCLE 

The  cycle  recorded  by  us  till  April  30  in  our  previous  paper 
continued  till  his  death.  From  February  22  till  June  25  there 
occurred  nineteen  rises  in  the  numbers  of  trypanosomes  in  his 
peripheral  blood.  This  gives  an  average  of  six*  and  a  half  days 
between  the  heights  of  each  rise. 

The  shortest  period  between  two  successive  heights  is  four  days, 
as  recorded  between  April  18  and  22,  and  again  between  June  3 
and  7.  This  exceptionally  short  interval  was  due,  we  think,  to 
artificial  means,  as  we  shall  explain  later  under  vaccine  treatment. 
The  longest  period  recorded  between  two  successive  heights  is 
eight  days,  while  the  usual  period  between  the  heights  seems  to  be 
seven  days.  It  will  be  observed  that  the  rise  and  fall  is  sudden, 
and  that  the  height  is  not  maintained. 

While  the  number  of  the  parasites  was  increasing  rapidly,  we 
observed  many  forms  with  double  nuclei  and  blepharoplasts 
(dividing  forms).  During  the  interval  between  the  rises,  few  of 
these  forms  were  present.  This  would  seem  to  indicate  that  the 
sudden  rise  is  due  to  an  active  multiplication  of  the  parasites. 

On  April  28  the  numbers  increased  from  200  to  1,536  in 
twenty-four  hours,  and  on  June  19  they  increased  from  100  to  1,500 
in  twenty-four  hours,  suggesting  that  in  our  patient  they  were 
capable  of  dividing  and  sub-dividing  three  to  four  times  in 
twenty- four  hours. 

The  natural  fall  is  even  more  sudden  than  the  rise.  On  April 
29  the  parasites  fell  from  1 ,536  to  100  per  cubic  millimetre  of  blood 
in  twenty-four  hours. 

Except  on  April  5  and  6  only  one  observation  was  made  daily, 
so  that  obviously  we  may  have  missed  the  highest  points  reached 
in  the  various  rises.  The  low  levels  were,  as  a  rule,  maintained  for 
three  or  four  days,  forming  U-shaped  bends  as  recorded  in  the 
chart.  The  lowest  number  recorded  was  8  per  cubic  millimetre  ol 
blood,  while  the  highest  reached  1,536  per  cubic  millimetre  of 
blood. 

It  is  worthy  of  note  that  there  is  a  tendency  for  a  high  rise  to 
be  followed  by  a  low  one.  This  is  not  without  exception,  but  the 
three  highest  rises  recorded  were  followed  by  the  three  lowest  rises. 


III.  CORRELATION  BETWEEN  THE  CYCLE  AND  THE 
AMOUNT  OF  FEVER 

From  the  chart  one  can  observe  that  almost  invariably  the 
temperature  tends  to  be  higher  during  the  height  of  the  cycle,  and 
that  between  the  rises  the  temperature  keeps  lower. 

In  the  table  average  daily  temperatures  are  recorded.  These 
figures  were  obtained  by  taking  the  average  of  the  four-hourly 
temperatures  observed  during  the  twenty-four  hours  of  each  day. 
We  think  that  this  figure  gives  a  fair  representation  of  the  amount 
of  fever  for  the  day,  and  in  this  table  it  may  be  noted  that  the 
average  daily  temperature  rises  coincidentlv  with  the  increase  of 
trypanosomes  and  falls  with  their  fall. 

IV.  OTHER  CLINICAL  OBSERVATIONS  AND  CORRELATIONS 
WITH  THE  CYCLE 

lhe  pulse  rate  ranged  all  through  this  case  from  go  to  120  per 
minute.  During  the  height  of  the  cycle  it  tended  to  increase 
coincident  ly  with  the  increased  amount  of  fever.  The  respiration 
rate  ranged  from  20  to  28  per  minute,  tending  also  to  increase  with 
the  rise  of  the  trypanosomes. 

With  regard  to  the  bowels  there  is  little  to  note.  Their  action 
uas  easily  regulated  with  small  doses  of  cascara.  It  was  very 
noticeable  that  the  patient  was  more  drowsy,  and  tended  to  have 
headaches,  during  the  commencement  of  the  cyclical  rise,  but  these 
symptoms  abated  at  the  extreme  height  and  during  the  subsequent 
fall  of  trypanosomes. 

lhe  lymphatic  glands  in  the  neck,  axilla,  groin,  and  popliteal 
space  were  more  or  less  always  swollen,  but  this  condition  was 
greatly  aggravated  at  intervals,  accompanied  with  marked 
tenderness,  though  only  sometimes  was  this  coincident  with  a 
trypanosome  increase. 

I  lie  urine  throughout  remained  clear,  usually  slightly  acid  ana 
without  deposits.  The  specific  gravity  ranged  from  1010  to  1026. 

On  March  15  he  had  a  diffuse  ill-defined  erythematous  rash  over 
his  left  leg,  occurring  just  before  the  height  of  a  trypanosome 
increase. 
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V  CORRELATION  BETWEEN  THE  TRYPANOSOME  CYCLE 
AND  THE  BEHAVIOUR  OF  THE  LEUCOCYTES 

Previous  to  April  23  we  made  several  leucocyte  counts  with  the 
Thoma-Zeiss  apparatus,  but  were  unable  to  find  anything  definite. 

It  was  only  when  we  made  counts  daily  at  the  same  hour  that  we 
were  able  to  find  a  definite  leucocyte  change  corresponding  to  the 
parasitic  cycle. 

We  counted  the  leucocytes  by  means  of  the  thick  film  as  referred 
to  in  our  paper  on  malaria,  and  were  astonished  at  the  remarkable 
variations.  We  found  no  such  variations  by  our  method  in  normal 
persons.  Simultaneous  examination  of  thin  blood  films  also  showed 
that  a  remarkable  leucocytic  variation  did  take  place,  corresponding 
to  each  rise  of  trypanosomes. 

Daily  differential  counts  were  also  made  in  thin  films  stained 
with  Giemsa,  in  which  we  distinguished  only  between  mononuclears 
and  the  so-called  polymorphonuclears.  In  these  we  never  counte 
less  than  from  300  to  500  leucocytes  to  ensure  greater  accuracy. 
We  thus  estimated  daily  the  total  leucocytes  and  the  total  numbers 
of  polymorphs  and  mononuclears  per  cubic  millimetre  of  blood,  as 

shown  in  the  chart  and  table.  . 

From  April  23  till  May  20  it  is  clearly  seen  that  coincident  with 

each  rise  in  the  number  of  trypanosomes  there  is  a  marked  increase 
in  the  total  leucocytes,  and  this  increase  is  due  more  to  mononuclears 
than  to  polymorphonuclears. 

When  the  trypanosomes  begin  to  increase  in  number  the 
leucocytes  increase  also,  more  especially  the  mononuclears.  When 
the  trypanosomes  have  reached  their  height  there  may  be  a  a  in 
the  number  of  leucocytes,  but  this  is  followed  by  a  still  higher  rise 
during  the  fall  of  the  trypanosomes.  The  leucocytes  would  seem 
to  reach  their  highest  numbers  on  about  the  third  day  after  the 
height  of  the  parasitic  cycle.  They  then  decrease  rapidly  for  about 
three  days  to  normal  or  much  lower.  When  this  occurs  the 
trypanosomes  again  commence  to  multiply,  and  the  leucocytes  again 
increase  also,  so  that  we  have  both  a  parasitic  and  a  corresponding 

leucocytic  cycle.  , 

We  did  not  attempt  to  differentiate  between  large  mononuclears 
and  lymphocytes,  but  it  seemed  to  us  that  both  took  part  in  the 
total  mononuclear  increase.  We  further  observed  that  during  an 
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immediately  after  the  parasitic  fall  the  large  mononuclears  were 
filled  with  vacuoles  and  a  reddish  debris  (stained  Giemsa).  Many 
of  these  vacuolated  mononuclear  cells  were  of  great  size  (301040 
microns  in  diameter).  We  are  inclined  to  think  that  this  vacuolation 
with  reddish  stained  debris  may  be  an  indication  of  the  ingestion 
of  trypanosomes,  although  we  have  never  observed  any  definite 
trypanosome  structure  within  them. 

F.  W.  Andrewcs,  in  the  Croonian  Lectures,*  points  out  that  an 
intravenous  injection  of  bacteria  causes  a  temporary  diminution  in 
leucocytes,  followed  by  a  marked  increase,  this  fall  and  rise  being 
chiefly  due  to  the  so-called  polymorphonuclears,  the  mononuclears 
taking  little  part  in  the  phenomenon.  In  this  disease,  as  in  malaria, 
it  would  appear  that  there  is  a  diminution  followed  by  an  incre^e, 


chiefly  of  the  mononuclears.  This  tends  to  suggest  that  the 
polymorphonuclear  leucocytes  react  chiefly  to  bacterial  infections, 
while  the  mononuclears  would  seem  to  react  chiefly  to  protozoal 
blood  infections  (D.  T). 

It  is  interesting  to  note  that  on  May  20  there  was  a  very  marked 
mononuclear  increase,  coincident  with  a  fall  of  trypanosomes,  and 
accompanied  by  a  remarkable  improvement  in  the  clinical  condition 
ol  the  patient;  and  again  on  June  24  the  mononuclear  excess 
changed  into  a  very  marked  polymorph  excess.  This  was  coincident 
with  the  onset  of  pleurisy  and  pneumonia,  from  which  the  patient 
died. 

In  connection  with  the  leucocyte  cycle,  the  highest  numbers 
lccorded  were  50,000  per  cubic  millimetre  of  blood,  whereas  the 
lowest  was  2,800  per  cubic  millimetre  of  blood.  In  the  latter  part 
of  the  chart  the  leucocytic  graph  is  altered  by  the  injection  of 
leucocytic  extract,  and  by  the  development  of  an  abscess  and 
pneumonia. 


I  he  following  quotation  from  the  ‘  Sleeping  Sickness  Bulletin, 
1908,  Xo.  I,  p.  5,  is  0f  interest: — ‘Dr.  W.  Thomas  found  that 
alt ci  an  injection  of  atoxyl  a  change  in  the  parasites  became 
•  noticeable  between  the  fourth  and  the  fifth  hour.  They  became 
sluggish  and  much  altered  in  appearance,  and  at  the  same  time 
there  was  a  noticeable  increase  in  the  leucocytes.  About  the  seventh 
houi  there  was  a  great  diminution  in  the  number  of  trypanosomes. 

'•  Lancet,  July,  1910 
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'  and  a  coincident  increase  in  the  leucocytes,  notably  the  phagocytes. 
‘At  the  eighteenth  hour  parasites  were  absent  and  could  not  be 
'  found,  even  after  blood  centrifugalisation.  Instances  of 
phagocytosis  were  observed  on  three  occasions.’ 

Thomas  and  Breinl  tried  the  effect  of  hyperleucocytic  agents 
without  good  effects,  but  remark :  It  is  quite  evident  that  the 
‘  leucocytes  play  a  role  in  the  decrease  of  parasites.’ 

We  think  that  it  is  possible  that  on  some  occasions,  at  least, 
Thomas  may  have  happened  to  give  atoxyl  at  the  time  when  the 
leucocytes  were  increasing  and  the  parasites  were  diminishing,  as 
we  have  shown  to  occur  naturally. 

VI.  THE  HAEMOGLOBIN  AND  RED  CELLS 

During  the  course  of  the  disease,  from  February  till  the  patients 
death  in  June,  the  haemoglobin  percentage  fell  more  or  less  steadily 
from  85  to  70  per  cent.  We  could  not  detect  any  variation  in  the 
amount  of  haemoglobin  corresponding  to  the  parasitic  cycle. 

The  number  of  red  cells  was  deficient  (3,800,000  in  March , 
2,800,000  in  June).  Their  numbers  were  not  estimated  frequently. 

VII.  THE  EFFECTS  OF  TREATMENT  BY  VARIOUS  DRUGS 

The  crucial  test  of  a  curative  treatment  in  this  disease  would 
naturally  be  the  effect  of  the  treatment  on  the  numbers  of  parasites, 
especially  in  our  case,  where  the  numbers  were  estimated  daily. 

In  testing  the  value  of  various  therapeutic  agents,  we  have 
therefore  taken  the  graph  of  the  number  of  parasites  as  the  indicator 
of  the  efficacy  of  that  agent.  We  would  like  also  to  point  out  that 
in  estimating  the  effect  of  treatment  by  this  method,  the  blood  must 
be  examined  every  day,  otherwise  the  effects  recorded  might  be 
erroneous.  If  a  drug  be  given  at  the  height  of  a  parasitic  rise,  and 
the  blood  examined  next  day  or  a  few  days  later,  the  num  er 
parasites  would  naturally  be  much  less;  to  conclude  from  t  is  t 
the  drug  has  caused  this  diminution  might  be  quite  erroneous 
is  obvious  that  no  conclusion  should  be  drawn  until  the  numbers 

have  been  estimated  daily  for  several  weeks. 

We  think  it  may  be  possible  that  a  drug  such  as  atoxyl  may  by 
chance  have  been  given,  sometimes,  just  as  the  parasites 

/ 
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naturally  about  to  fall,  and  the  rapid  diminution  attributed  to  the 
drug. 

It  has  been  stated  that  atoxyl  did  not  always  cause  a 
disappearance  of  the  parasites,  but  that  sometimes  instead  they 
even  increased  in  numbers;  and  further,  that  it  seemed  to  have  a 
more  marked  trypanocidal  action  when  the  parasites  were  very 
numerous. 

I  hese  statements  can  be  understood  in  the  light  of  the  natural 
cycle. 

Again,  if  the  trypanosomes  increase  in  number  immediately  after 
the  administration  of  a  drug,  one  cannot  at  once  conclude  that  this 
drug  is  of  no  value  as  a  trypanocide. 


The  Effect  of  Atoxyl 

h  rom  February  16  till  April  5  atoxyl  was  not  given,  on  account 
"f  its  injurious  effect  on  the  patient’s  eyes.  On  April  5  we, 
however,  injected  a  dose  of  four  grains  at  the  commencement  of 
*1  natural  rise.  i  he  blood  was  examined  every  two  hours 
afterwards  and  showed  that  the  trypanosomes  were  increasing  in 
numbers.  Twenty-four  hours  later  there  was  a  further  marked 
increase.  Next  day  again,  as  we  would  have  expected  to  occur 
naturally,  there  was  a  decided  diminution  in  their  number. 

On  May  2  atoxyl  was  again  given,  though  it  was  found  that 
every  dose  aggravated  the  eye  condition.  From  May  2  till  June 
20*  th,rty~two  grains  of  atoxyl  in  all  were  administered  at  intervals, 
as  noted  on  the  chart.  On  comparing  the  graph  where  no  atoxyl  was 
given,  and  where  it  was  administered,  no  very  appreciable  difference 
,n  the  number  of  trypanosomes  can  be  detected.  We  cannot, 
however,  conclude  that  the  atoxyl  has  no  trypanocidal  effect,  as  had 
not  been  given  the  trypanosomes  may  possibly  have  been  much 
more  numerous  during  the  latter  than  in  the  earlier  part  of  the 

rt  ,  and  further,  this  particular  strain  of  trypanosomes  seems  to 

have  been  very  virulent. 

Our  doses  of  atoxyl  in  any  case  were  rather  small.  It  would 
ppear  to  us,  however,  that  atoxyl  cannot  be  considered  a  specified 
0y  trTpanosomiasis,  as  quinine  is  in  malaria.  In  our  cases 
of  ma  ana  quinine  never  failed  to  diminish,  markedly,  the  number 

sexua  parasites.  Moreover,  atoxyl  compared  with  quinine  is 
a  dangerous  drug.  ^ 
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Quinine  and  Methylene  Blue  Treatment 

Quinine  30  grains  daily,  combined  with  methylene  blue,  12 
grains  daily,  was  administered  by  the  mouth  from  February  21  till 
March  9,  and  again  at  other  intervals  as  noted  on  the  chart.  No 
marked  trypanocidal  effect  can  be  noticed. 

During  treatment  with  these  drugs,  however,  as  also  with  atoxyl, 
the  patient’s  face,  which  had  before  been  puffy  and  oedematous, 
especially  about  the  eyelids,  became  more  firm  and  clear  cut.  ihe 
eyelids  became  again  oedematous  soon  after  these  drugs  were 
withheld.  It  would  seem,  therefore,  that  quinine  and  methylene 
blue,  as  well  as  atoxyl,  had  some  beneficial  effect  clinically.  The 
following  drugs  were  also  given  without  apparent  results:  — 

( a )  Trypsin  and  Atnylopsin  Injections. — 20  min.  ol  each  daily. 

( b )  Succinamide  of  Mercury  Injection. — One-fifth  grain  almost 
daily. 

( c )  Izal  Oil. — 8  min.  daily,  by  mouth. 

( d )  Trypan  Red. — By  the  mouth  in  doses  of  O' 5  grain,  1  grain, 
and  1  grain  respectively  on  three  successive  days.  No  albuminuria 
resulted,  but  the  drug  was  stopped  on  account  of  the  development 
of  severe  vomiting. 

(e)  Potassium  Iodide. — 30  grains  daily,  by  mouth. 

We  beg  to  apologise  for  complicating  the  case  with  so  many 
treatments,  but  owing  to  the  unsuitability  of  atoxyl  in  the  patient 
other  treatment  was  a  clinical  necessity. 

VIII.  EFFECT  OF  TRYPANOSOME  ‘VACCINES 

On  April  19  we  commenced  to  give  our  patient  subcutaneous 
injections  of  so-called  vaccine.  This  vaccine  was  obtained  from  the 
blood  of  a  rat  inoculated  from  our  patient.  Ihe  rat  was  killed 
when  the  parasites  were  extremely  numerous  (500,000  pei  cubic 
millimetre  of  blood).  The  blood  was  then  drawn  from  its  heart 
aseptically,  and  mixed  with  an  equal  volume  of  normal  saline. 
The  red  cells  were  allowed  to  settle,  and  the  supernatant  fluid 
pipetted  off.  This  latter  contained  most  of  the  trypanosomes  and 
the  number  per  cubic  millimetre  was  estimated  by  the  thick  film 
method.  It  was  then  sterilised  by  heating  to  55°  C.  for  half-an-hour, 
and  by  adding  trikresol  so  that  it  contained  o  2  pei  cent. 
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The  later  vaccines  which  we  commenced  to  use  from  May  17 
were  simply  the  blood  of  rats,  taken  when  the  trypanosomes  were 
very  numerous.  They  consisted  of  dead  trypanosomes,  red  cells, 
leucocytes,  and  serum.  The  injection  of  these  vaccines  produced 
no  local  reaction,  even  in  doses  of  100,000,000  trypanosomes;  nor 
were  we  able  to  detect  any  definite  temperature  reaction. 

We  are  inclined  to  think  that  the  chief  result  of  these  injections 
of  dead  trypanosomes  was  a  stimulation  of  the  reproductive  powers 
of  the  living  trypanosomes.  This  point,  however,  requires  further 
elucidation.  We  found  that  after  an  injection  of  our  vaccine,  the 
next  trypanosome  rise  usually  occurred  before  it  was  naturally  due. 

On  April  9,  9,000,000  dead  trypanosomes  were  injected;  the 
next  trypanosome  rise  reached  its  height  on  the  seventh  day. 
20,000,000  were  again  injected  on  April  13,  and  the  following  rise 
was  completed  on  the  sixth  day.  40,000,000  were  then  injected 
and  the  next  rise  was  completed  on  the  fifth  day. 

I  he  patient’s  trypanosomes,  also,  which  were  rising  to 
successively  smaller  heights,  continued  to  diminish  further  in 
number,  after  two  more  injections  of  10,000,000  dead  trypanosomes 
on  April  23  and  25.  On  April  28,  however,  an  injection  of 
10,000,000  was  given  when  the  trypanosomes  were  increasing,  and 
that  rise  was  the  highest  recorded.  This  treatment  was  then  stopped 
for  some  time. 

It  seems  that  the  effect  of  these  so-called  vaccines,  if  injected 
immediately  after  the  natural  fall  of  the  parasites,  is  a  reproductive 
stimulation  of  the  parasites,  causing  the  next  rise  to  occur  sooner 
than  was  natural ;  and  this  premature  rise  tends  to  be  less  high  than 
it  probably  should  have  been  in  the  natural  course  of  events. 
If,  however,  the  vaccine  be  injected  during  the  natural  rise  of 
the  trypanosomes,  it  stimulates  their  reproduction,  causing  a  very 
high  and  lapicl  rise,  and  the  subsequent  fall  is  also  very  sudden. 

We  confirmed  these  surmises  later.  On  May  17  an  injection  of 
30,000,000  dead  trypanosomes  was  given,  with  the  result  that  the 
following  rise  was  completed  on  the  sixth  day. 

Another  injection  of  50,000,000  on  May  30  was  followed  by  a 
nse  at  the  normal  time.  A  large  dose  of  100,000,000,  injected  on 
une  4,  however,  scarcely  allowed  the  parasites  any  time  to  diminish, 
so  that  they  completed  their  next  rise  on  the  fifth  day,  followed  by 


a  sudden  fall.  Thus  it  would  seem  that  the  normal  period  of  seven 
days  between  the  rises  of  parasites  may  be  shortened  to  six,  five, 
and  even  four  days,  by  an  injection  of  dead  trypanosomes. 

Doses  of  vaccine  up  to  100,000,000  seemed  to  cause  no  harm. 
On  the  contrary,  during  the  period  from  the  7th  to  the  28th  of 
April,  when  small  doses  were  given,  the  temperature  was  more 
uniform,  and  more  near  to  normal  than  it  had  ever  been  before  or 
after. 

Again,  from  the  14th  to  the  19th  of  May,  the  patient  was 
extremely  ill,  almost  comatose,  with  a  high  temperature,  and  like 
to  die.  On  May  17  he  had  vaccine  (30,000,000),  followed  on  May 
19  by  an  injection  of  10  c.c.  of  leucocytic  extract.  The  improvement 
on  May  20  was  remarkable,  both  mentally  and  physically.  Of 
course,  at  that  time  he  had  atoxyl  and  nuclein  to  increase  the 
leucocytes,  hence  it  is  almost  impossible  to  tell  which  was  the 
potent  factor.  Against  atoxyl  having  caused  this  good  result,  we 
may  point  out  that  it  had  no  such  effect  either  before  or  since. 

As  already  stated,  this  marked  improvement  was  coincident 
with  a  large  increase  of  mononuclear  leucocytes.  We  tried  again  to 
repeat  this  success  by  injecting  vaccine  (100,000,000  trypanosomes) 
on  June  4,  three  days  before  the  height  of  the  parasitic  rise,  and 
leucocytic  extract  at  the  height  of  the  rise,  but  the  result  was  not 
so  good.  (Vide  paper  by  Ross  and  J.  G.  Thomson. t) 

IX.  THE  EFFECT  OF  SUBCUTANEOUS  INJECTIONS  OF 
LEUCOCYTIC  EXTRACT 

Thinking  that  the  fall  in  the  number  of  leucocytes  might  be  a 
factor  in  the  rise  of  trypanosomes,  we  determined  to  keep  up  t  e 
numbers  of  leucocytes  when  they  were  falling.  Consequently,  we 
tried  an  injection  of  nuclein  (25  min.),  but  this  did  not  seem  to 
cause  much  increase  of  leucocytes.  Yeast,  15  -grains  daily  y 
mouth),  was  also  tried.  It  seemed  to  cause  some  increase,  but  no 
marked. 

At  this  time  Dr.  Moore  Alexander,  pathologist  to  the  hospita 
suggested  that  w'e  should  try  leucocytic  extract.  He  thoug  t  t 
this  extract  might  contain  certain  substances  which  wou 
deleterious  to  the  trypanosomes,  or  which  would  neutralise  t^en 
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endotoxins.  He  was  good  enough  to  prepare  it  for  us  by  injecting 
Mellin’s  food  into  the  pleural  cavities  of  rabbits.  The  rabbits  were 
then  killed,  and  the  accumulation  of  leucocytes  taken  from  the 
pleural  cavity,  and  extracted  with  sterile  distilled  water. 

I  o  our  surprise,  the  effect  of  an  injection  of  this  leucocytic 
extract  was  to  produce  a  very  great  increase  of  leucocytes  in  the 
blood  on  the  day  following  the  injection.  This  was  almost  the 
invariable  result.  In  our  opinion,  it  seems  to  be  a  far  more 
powerful  promoter  of  leucocyte  increase  than  yeast  or  nuclein. 

We  tried  to  utilise  this  discovery  in  two  ways:  — 

(i)  To  help  the  natural  leucocyte  increase  by  injecting  the 
extract  just  at  the  height  of  the  trypanosome  rise.  We  did  this 
on  May  19.  Next  day,  as  we  have  mentioned,  the  patient  showed 
<1  remarkable  improvement.  We  were  unable,  however,  to  get  such 
a  happy  result  again. 

(ii)  By  injecting  the  extract  a  day  or  two  before  the  rise  of 
parasites,  we  thought  we  might  prevent  that  rise  by  causing  an 
early  increase  in  the  leucocytes. 

On  May  31  10  c.c.  of  the  extract  were  injected,  producing  next 
day  an  increase  of  leucocytes  up  to  20,000  per  cubic  millimetre  of 
blood,  but  they  diminished  next  day  to  2,800  per  cubic  millimetre, 
and  the  increase  of  trypanosomes  occurred  all  the  same. 

Later,  just  before  the  patient’s  death,  we  tried  the  effect  of 
c.c.  doses  of  the  extract  daily.  This  seemed  to  keep  the  leucocyte 
count  high,  but  unfortunately  the  results  were  complicated  by  the 
patient  developing  an  abscess  at  this  time,  and  later  by  the 
development  of  pleuro-pneumonia. 

1  uither  investigation  with  this  substance,  and  with  vaccine, 
°U  ^  .  repuire  to  be  made  before  coming  to  any  definite 
conclusions.  Such  an  investigation  we  think  would  lead  to  further 
now  ledge  regarding  the  natural  balance  of  immunity  between  the 
body  and  the  parasites. 

It  appears  to  be  a  law  (at  least  it  seems  to  hold  good,  we  think, 
at  1  eucocy tes  and  trypanosomes)  that  the  extract  of  dead  animal 

timulates  the  corresponding  live  cells  to  increase  in  numbers. 

UOU^  aPpeai  to  support  the  hypothesis  put  forward  by 
r’, ..  '  R°ss>  that  the  extracts  of  dead  tissues  promote  the 

Proliferation  of  living  cells.* 

’  Rnt.  Med.  Journ..  June  11,  i9,0.  “  “ 
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X.  CONCLUSIONS  REGARDING  THE  NATURE  AND  CAUSE 
OF  THE  TRYPANOSOME  CYCLE 

The  true  explanation  of  this  phenomenon  must  be  of  extreme 
importance,  not  only  as  regards  the  treatment  of  this  disease,  but 
also,  we  think,  with  regard  to  the  problems  of  immunity  in  general. 

Before  stating  our  views  we  cannot  do  better  than  quote  the 
following  extract  from  the  ‘  Sleeping  Sickness  Bulletin,’  1909,  No. 
12,  p.  485:  — 

‘  Des  Causes  dcs  Crises  Trypanolytic  et  des  Rechutes  qui  les  suivent. 

•  A  MASSAGLIA.  “  Comptes  Rendus  de  l’Academie  des 

•  Sciences , ”  Octobre ,  1 907 . 

'  In  some  species  of  animals  there  are  no  crises.  The 
‘trypanosomes  increase  in  a  progressive  regular  manner.  In  others 
'the  trypanosomes,  after  an  increase,  suddenly  diminish  to  such 
an  extent  sometimes  that  they  cannot  be  found  in  the  blood.  They 
‘soon  reappear.  Massaglia  endeavoured  to  find  out  the  cause  of 
‘the  crisis  and  the  subsequent  relapses .  ...  Conclusions : 

'  Trypanolytic  crises  are  due  to  the  formation  of  anti-bodies  in  the 
‘blood.  A  few  parasites  escape  destruction,  because  they  become 
‘used  or  habituated  to  the  action  of  these  anti-bodies.  These  are 
‘  the  parasites  which  cause  the  relapses.  Since  the  trypanosomes 
'  become  more  and  more  used  to  the  anti-bodies  the  subsequent 
‘crises  become  less  marked.  .  .  •  Thirouxs  suggestion  o 
‘balance  between  anti-bodies  and  parasites  is  an  interesting  one 
‘and  has  some  facts  in  its  support.  It  would  serve  to  explain  the 
‘cause  of  real  or  apparent  cures  mentioned  in  Bulletin  No.  5. 
‘pp.  193  and  195.’ 

Here  it  is  clear  that  Massaglia  has  observed  and  has  tried  to 
explain  the  occurrence  of  these  natural  rises  and  fa 
trypanosomes.  Our  opinions  on  the  subject  are  as  follows. 

(i)  The  cycle  is  not  due  to  an  unconditional  cyclical  development 
of  the  parasites  as  is  the  case  in  malarial  fever .  If  it  were  sot  en 
one  would  expect  the  cycle  to  be  more  regular,  and  one  won 
expect  its  time  to  be  altered  by  vaccine  injections-  ie  im 
between  the  rises  varies  not  only  in  the  same  in  im  ua  , 
different  animals.  This  would  appear  to  suggest  that  the  cycle  1 
not  due  to  a  definite  parasitic  development  as  in  ma  aria, 


merely  a  question  ot  a  struggle  between  die  defensive  powers  of  the 
infected  body  and  the  aggressive  powers  of  the  trypanosomes. 

The  more  susceptible  the  animal  the  shorter  is  the  period  between 
the  rises  as  seen  in  the  case  of  rats,  in  which  the  cycle  is  almost  lost. 
.Massaglia  evidently  failed  to  observe  the  slight  remissions  in  the 
rat. 


J  lie  greater  the  resistance  of  the  infected  animal  the  longer  is 
the  cyclical  period,  as  in  guinea-pig  and  man. 

Hy  an  unconditional  cycle  ’  we  mean  one  of  which  the  period  is 
not  affected  by  the  resistance  of  the  host  or  by  therapeutic  agents— 
as,  for  instance,  that  of  Plasmodium.  By  a  ‘conditional  cycle' 
we  mean  one  which  is  so  affected — as  in  the  present  case. 

(ii)  The  increase  of  parasites  is  due  to  their  sudden  and  active 
multiplication. — The  presence  of  numerous  dividing  forms  during 
the  cyclical  rise  would  seem  to  support  this  statement. 

(iii)  7  he  multiplication  of  trypanosomes  is  extremely  rapid— hi 
before  stated  they  seem  capable  of  dividing  in  man  three  to  four 
times  in  twenty-four  hours. 


In  rats  the  rate  of  multiplication  would  seem  much  greater,  as 

many  as  ten  divisions  or  generations  may  occur  in  twenty-four 
hours. 

(iv)  7  he  rate  of  multiplication  depends  on  the  suitability  of  the 
inf  cited  blood  to  the  parasite. — The  blood  of  rats  seems  more 
suitable  to  the  parasite  than  the  blood  of  man  and  guinea-pigs. 

Also  this  suitability  would  appear  to  vary  from  time  to  time  in 
t  ie  same  animal.  In  our  case  there  occurred  high  and  low  rises  in 
e  numbers  of  trypanosomes.  Moreover  the  three  highest  rises 
recorded  in  the  chart  were  followed  by  the  three  lowest  rises 
recorded.  This  is  a  very  significant  fact.  It  would  appear  to 
r  a^e  ^a*  a  high  rise  sets  up  some  reactionary  condition.  This 
ction,  il  great,  not  only  causes  the  decrease  of  trypanosomes 
Ut  CXtends  its  influence  so  far  as  to  reduce  the  next  rise. 

de^'l  ^le  ™  num^er  °f  Parasites  is  not  due  to  the  toxins  they 
eve  op.  In  man  the  numbers  may  reach  on]y  2oo  per  cubic 

metre  of  blood  and  then  they  diminish,  whereas  in  rats  they 

y  eaci  over  200,000  per  cubic  millimetre  of  blood  and  yet 

i  ,  r*se’  and  the  toxins  in  the  latter  case  must  be  much  more 
abundant  than  in  the  former. 


It  would  seem,  therefore,  that  the  explanation  may  be  reduced 
to  some  of  the  following  causes,  all  of  which  may  come  into  play. 

(i)  The  increase  of  trypanosomes  is  due  to  their  active 
multiplication ,  the  rate  of  multiplication  depending  on  the  following 
conditions :  — 

( a )  The  liberation  of  a  reproductive  stimulant  from  the  dead 
trypanosomes  of  the  previous  fall. 

( b )  The  small  number  of  leucocytes,  especially  mononuclears. 

(c)  The  habituation  of  the  trypanosomes  to  their  anti-bodies. 

( d )  The  absence  or  the  diminution  of  anti-bodies  to  the 
trypanosomes. 

(ii)  The  decrease  of  trypanosomes  is  due  to  their  rapid  death  and 
to  a  cessation  of  multiplication ,  probably  depending  on  the 
following  conditions :  — 

(a)  The  presence  of  anti-bodies  in  the  serum. 

(b)  The  large  increase  of  leucocytes,  especially  mononuclears. 

(iii)  The  trypanosomes  remaining  between  the  rises  are  resistant 
forms ,  and  tend  to  become  spherical,  especially  in  the  internal 

organs.  (Vide  H.  B.  Fantham.*) 

These  resistant  spherical  forms  also  occur  alter  atoxyl  treatment 

(Moore  and  Breinl). 

N.B.— The  reference  to  the  virulence  of  this  trypanosome  and 
to  the  cycle  in  rats  and  guinea-pigs  is  taken  from  the  papei  on 
enumerative  studies  in  rats,  guinea-pigs,  and  rabbits  by  H.  B. 
Fantham  and  J.  G.  Thomson,  t 

The  virulence  of  this  strain  was  also  noticed  by  L.  E.  W.  Bevan 
and  Malcolm  Macgregor  (‘  Journal  of  Comparative  Pathology  and 
Therapeutics,’  June,  1910),  who  inoculated  animals  from  our 
patient  before  he  left  N.E.  Rhodesia. 


*  Ann.  Trop.  Med.  and  Parasit.,  Vol.  IV,  pp- 
I. XXXIII.  pp.  212-227. 


t  Ann.  Trop.  Med.  and  Parasit.,  Vol.  IV,  pp. 
i.XXXIII,  pp.  2ofi-2tl. 


465-485;  also  Proc;  Roy.  Soc.,  B,  Vol. 
417-463  ;  also  Proc.  Roy.  Soc.,  B,  Vol. 
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INTRODUCTION 

The  results  recorded  in  this  memoir  were  obtained  chiefly  irom 
investigations  on  animals — rats,  guinea-pigs  and  rabbits— 
sub-inoculated  from  a  case  of  Rhodesian  sleeping  sickness  recentl) 
studied  by  Major  R.  Ross  and  Dr.  D.  Thomson  in  the  Royal 
Southern  Hospital,  Liverpool. 

1  he  investigations  were  undertaken  at  the  suggestion  of  Majoi 
Ross,  under  funds  allotted  by  the  Tropical  Diseases  Research 

*  An  abstract  of  this  paper  was  read  before  the  Royal  Society  on  December  8.  ) 

and  published  in  Proc.  Roy.  Soc..  B.  Vol.  I.XXXIII.  pp-  206-211. 
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Committee  in  the  case  of  one  of  us  (H.B.F.),  and  under  the  Sir 
Edwin  Durning-Lawrence  Fund  in  the  case  of  the  other  (J.G.T.). 
The  researches  on  animals  were  necessary  in  order  to  determine 
whether  a  regular  periodic  increase  in  the  parasites  in  the  peripheral 
circulation  occurred,  similar  to  that  found  by  R.  Ross  and 
D.  Thomson  *  (1910)  in  the  case  of  Rhodesian  sleeping  sickness. 
Again,  it  was  necessary  to  determine  whether  this  numerical  cyclical 
development  had  a  definite  significance  in  the  life-history  of  the 
parasite,  which  it  would  be  necessary  to  consider  in  the  case  of 
treatment  of  trypanosomiasis  by  drugs  or  other  methods.  Our 
work  was  done  in  the  Liverpool  School  of  Tropical  Medicine. 

The  trypanosome  from  the  patient  suffering  from  sleeping 
sickness  contracted  in  Rhodesia  was  found  by  Stephens  and 
Fantham  (1910)+  to  exhibit  a  marked  morphological  peculiarity  in 
the  presence  of  a  posterior  nucleus  in  some  of  the  stout  forms,  and 
lor  this  parasite  the  name  T.  rhodesiense  was  suggested  by  them 
We  have  also  used  an  old  laboratory  strain  of  T.  gambiense. 


OUTLINE  OF  THE  METHODS  USED 

In  all  cases  a.  definite  number  of  trypanosomes  was  inoculated. 
The  inoculation  was  made  subcutaneously  in  rats,  intraperitoneally 
in  guinea-pigs  and  rabbits. 

I  he  peripheral  blood  of  these  animals  was  then  examined  daily, 
at  the  same  hour,  that  is  to  say,  at  regular  intervals  of  twenty-four 
hours. 


The  technique  employed  was  that  elaborated  by  R.  Ross  and 
D.  Thomson  (1910)  in  their  study  of  the  patient  W.A.,  namely, 
that  a  known  quantity  of  blood  (one  cubic  millimetre  divided  into 
quarteis)  was  taken  and  the  parasites  therein  very7  carefully  counted- 
In  counting  the  thick  films  an  Ehrlich  eye-piece  was  used,  after 
the  films  had  been  dehaemoglobinised,  fixed  with  absolute  alcohol 
and  stained  by  the  Romanowsky  method. 

When  the  parasites  became  very  numerous  it  was  necessary  to 
spread  the  quarter  cubic  millimetre  of  blood  over  a  larger  square 
area  than  usual,  and  to  use  a  very  small  diaphragm  in  the  eye-piece, 
he  parasites  were  then  counted  in  three  or  four  bands  across  the 
jn,  which  had  been  previously  examined  in  order  to  ascertain  an 

t  Proc  Rov'  S°c->  B-  Vot-  LXXXI1-  pp.  411-415,  and  VoL  LXXXIII.  pp.  187-205. 

1  1  roc.  Roy.  Soc..  B.  VoL  LXXXTIT.  pp.  28-33. 


even  distribution  of  the  trypanosomes  therein — though  this  led  to 
certain  unavoidable  errors  (see  R.  Ross  and  D.  Thomson  on 
‘Enumerative  Studies  on  Malarial  Fever  ’*).  It  will  be  obvious  that 
the  counts  entailed  much  labour,  especially  when  the  parasites  were 
numerous. 

We  have  endeavoured  to  estimate  the  number  of  divisions  of 
the  trypanosomes  during  the  first  twenty-four  hours  of  their 
appearance  in  the  peripheral  blood  of  the  host.  (See  pp.  433-4.) 


ENUMERATIONS  IN  RATS 

We  now  give  a  series  of  tables  of  enumerations  in  rats  inoculated 
with  (a)  T.  rhodesiensc  and  (b)  T.  gambiense. 

In  the  case  of  both  strains  it  was  found  that  the  rats  tended  to 
fall  into  one  of  two  main  categories  exhibiting  either  (1)  a  periodic 
increase  and  decrease  in  the  number  of  parasites  in  the  peripheral 
blood  (see  Chart  i),  or  (2)  a  more  or  less  continuous  rise  in  the 
numbers  of  parasites  until  the  animal  died  (see  Chart  2).  (Cf.  Moore 
and  Breinlt.) 

We  therefore  classify  the  animals  inoculated  with  each  strain 

into  two  groups  :  — 

(a)  Trypanosoma  rhodesiense 


I.  RATS  EXHIBITING  PERIODIC  VARIATION 


Rat  i.— Piebald  A.  weight  187  grams.  Dose  of  inoculation  one  million  Trypanosomes. 

(H.B.F.)  


Days  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

6 

48 

9,860 

60,000 

84,640 

Temp.1  . 

3° 

32 

44 

64 

64 

5° 

5° 

Day  . 

8 

9 

10 

ir 

12 

13 

H 

Parasites  per  c.mm . 

7,760 

24,000 

20,480 

63,800 

32,000 

21,760 

89,600 

Temp.1 

28 

10 

2 

3° 

22 

O 

10 

1  The  temperature  is  expressed  according  to  the  following  Is  •  ^  x  where  F 

Ross's  recent  papers  on  ‘Malaria’  and  ‘Trypanosomiasis  :  ,TemP-  _  rectum. 

»  the  temperature  in  degrees  Fahrenheit,  recorded  with  a  clinical  t  ermo  ,  P 


"Proc.  Roy.  Soc.,  B.  Vol.  LXXXIII,  p.  161,  and  Ann.  Trop.  Med. 
Vol.  IV.  p.  268! 

t  Ann.  Trop.  Med.  and  Parasitology  1907  .  Vol-  '•  P-  +4^- 


and  Parasitol.  (1910). 
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The  graph  of  the  number  of  parasites  of  this  animal  is  represented 
in  Chart  i. 


12  3  4  5  6  7  S  9  10  11  12  13  14 


95,ooo 

90,000 

55,000 

80,000 

75,000 

1  70,000 

65,000 

60,000 

55,000 

50,000 

45,000 

40,000 

35,ooo 

30,000 

■ 

f 

1 

1 

1 

1  -J 

I  1 

1 

— 

1 

1 

1 

1 

I 

1 

,/ 

25,000 

>s  J 

\! 

20,000 

15,000 

10,000 

5,000 

1 

tuu 

1 

(  hart  i. — Graph  showing  Daily  Counts  of  the  Parasites  per  c.mm.  in  the  Peripheral  Blood  cf 
a  Rat  inoculated  with  T.  rbodcsicnse.  Periodic  Variation. 

The  numbers  of  the  parasites  are  indicated  along  the  vertical  line,  and  the  duration  of 
infection  in  days  along  the  horizontal  line. 

(See  record  of  Rat  r.) 


^AT  2- — White  c? ,  weight  108  grams.  Dose  350,000  Trypanosomes.  (H.B.F.) 


Day 

1 

2 

I 

!  3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

68 

18,240 

44.120 

32,080 

22400 

Temp. 

32 

24 

20 

40 

56 

38 

Day 

8 

9 

10 

— 

- 

Parasites  per  c.mm. 

12,860 

126,000 

61,840 

_ 

- 

Temp. 

20  | 

25 

4 

1 

“  1 

_ 

- 
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Rat  3 —White  $,  weight  225  grams.  Dose  :  two  million  Trypanosomes.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

— 

12 

3,48o 

58,240 

16,000 

1,840 

6,400 

. 

20 

20 

'4 

86 

106 

40 

•5 

Day  . 

S 

9 

— 

— 

— 

— 

- 

Parasites  per  c.mm . 

52,000 

42,400 

— 

— 

— 

— 

— 

Temp . 

■5 

0 

— 

— 

— 

— 

Rat  4. — Piebald  cj,  weight  220  grams.  Dose  :  500,000  Trypanosomes. 

(H.B.F.) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

— 

— 

8 

1,960 

11,520 

28,800 

Temp . 

40 

53 

50 

50 

34 

36 

74 

Day  . 

8 

9 

to 

1 1 

12 

«3 

— 

Parasites  per  c.mm . 

56,320 

84,000 

50,000 

39,200 

1 60,000 

100,400 

— 

Temp . 

5° 

48 

38 

40 

47 

20 

Rat  5.— White  ?,  weight  120  grams.  Dose:  750,000  Trypanosomes. 

(H.B.F.) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

_ 

— 

896 

3,280 

32,560 

51,600 

Temp . 

38 

36 

38 

5o 

40 

52 

48 

Day  . 

8 

9 

to 

11 

— 

— 

— 

Parasites  per  c.mm . 

.  64,800 

22,800 

16,800 

6,160 

— 

— 

— 

Temp . 

44 

22 

20 

10 

Rat  6.— Piebald  <$,  weight  100  grams.  Dose:  one  million  Trypanosomes.  (H.B.F.) 


Day  . 

...  1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm. 

— 

— 

— 

32 

8,400 

52,728 

67,760 

Temp. 

40 

40 

46 

56 

60 

5° 

4 

Day 

8 

| 

9 

— 

— 

— 

— 

- 

Parasites  per  c.mm . 

.  96,00c 

40,656 

_ 

_ 

_ 

— 

Temp. 

•|  30 

54 

— 

— 

- 

- 

- 

^AT  7-  Piebald  $ ,  weight  189  grams.  Dose  :  30,000  Trypanosomes. 

(H.B.F.) 

Day  ...  . 

1 

1  2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

— 

| 

336 

6,572 

23,888 

80,640 

40,60c 

Temp. 

38 

!  40 

70 

72 

66 

70 

44 

Day  . 

8 

9 

~ 

— 

- 

- 

- 

Parasites  per  c.mm . 

30,25° 

150,000 

_ 

_ 

_ 

- 

Temp . 

42  1 

5 

— 

— 

— 

- 

- 

Rat  8.  White  $,  weight  195  grams.  Dose  :  100,000  Trypanosomes. 

(H.B.F.) 

Day  . 

1 

2 

3 

« 

5 

6 

7 

Parasites  per  c.mm. 

_ 

100 

0 

896 

60,000 

Temp . 

— 

40 

42 

40 

40 

60 

64 

74 

Day 

8 

I 

9 

I 

10 

11 

1 

12 

13  ; 

- 

Parasites  per  c.mm. 

TcmP .  . 

3 1,000 

3,200 

1.960 

7,840 

23,040 

83,200 

- 

55 

56 

7o 

60 

68 

i2  ! 

4*23 


Rax  9. — Piebald  weight  ioo  grams.  Dose:  500,000  Trypanosomes.  (H.B.F.) 


Day  . 

1  2 

1 

3 

4 

5 

6 

7 

Parasites  per  e.mm . 

_  :  _ 

— 

20 

4,672 

8,040 

70,400 

Temp . 

30 

40 

50 

54 

Day  . 

8 

9 

10 

11 

12 

— 

— 

Parasites  per  c.mm . 

32,400 

3,36o 

29,880 

88,800 

113,520 

- 

— 

Temp . 

58 

46 

42 

40 

35 

Rat  io.— Piebald  <J,  weight  150  grams.  Dose  :  500,000  Trypanosomes.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

8 

Parasites  per  c.mm . 

Temp . 

36 

34 

42 

12 

5° 

3,620 

42 

8,400 

66 

2,520 

48 

7,280 

38 

Day  . 

9 

10 

11 

12 

13 

14 

*5 

Parasites  per  c.mm . 

Temp . 

1 2,000 

46 

6,200 

34 

7,040 

22 

11,000 

40 

80,000 

44 

18,432 

24 

120,000 

20 

Note  slow  rise  in  numbers  of  parasites. 


Rat  11. — White  ?,  weight  .48  grams.  Dose  :  500,000  Trypanosomes.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

Temp . 

— 

316 

1,92° 

8,800 

54 

11,200 

66 

424 


Rat  u — continued. 


Day  . 

8 

9 

10 

11 

12 

■3 

Parasites  per  c.mm . 

Temp . 

2,580 

66 

1,040 

52 

52 

5° 

1,032 

2,348 

26,403 

54,o=o 

Day  . 

*5 

16 

<7 

18 

_ 

- 

Parasites  per  c.mm. 

Temp. 

7,360 

12,120 

3  M&> 

85,460 

- 

— 

- 

Note  the  slow  rise,  and  the  long  period  between  the  crests  of  the  first  waves,  due  probably 
to  the  great  resistance  of  the  animal. 


Rat  12. — White  $,  weight  138  grams.  Dose:  600,000  Trypanosomes.  (H.B.F.) 


Day 

.  1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

_ 

1 

_ 

16 

3,620 

13,74° 

Temp. 

34 

42 

54 

44 

54 

74 

66 

Day  . 

8 

9 

| 

10 

11 

12 

- 

I 

Parasites  per  c.mm. 

34,272 

6,048 

3,640 

24,360 

21,600 

— 

- 

Temp. 

64 

60 

40 

63 

46 

- 

— 

^  his  animal  was  pregnant,  and  gave 

birth  to  five  young  rats  on  the  tenth  day. 

Rat  13.— White,  weight  140  grams.  Dose  of  inoculation  = 

200,000  Trypanosomes.  (J-G-T-) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 

c.mm . 

— 

— 

— 

— 

4 

84 

8,928 

Day 

8 

9 

10 

11 

12 

■3 

'4 

Number  of  Trypanosomes  per 
c.mm .  r 

0 

0 

560 

0 

7,004 

1,408 

VO  \ 

1  ■- 

425 

Rat  >3 — continued. 


Day  . 

15 

16 

— 

— 

— 

— 

- 

Number  of  Trypanosomes  per 
c.mm . 

118,272 

162,288 

— 

— 

— 

— 

— 

This  animal  was  pregnant,  and  gave  birth  to  eight  young  rats  on  ninth  day. 

Rat  14. — Piebald,  weight  127  grams.  Dose  of  inoculation  =  200,000  T  rypanosomes.  (J.G.T.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . 

— 

— 

— 

i,44° 

45,60° 

66,240  ^ 

7,i44 

Day  . 

8 

9 

10 

1 1 

12 

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

50,232 

77)44° 

250,000 

464,640 

500,000 

— 

— 

Rat  15. — Piebald,  weight  104  grams.  Dose  of  inoculation  - 

200,000 

Trypanosomes.  (J.G.T.) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . 

— 

— 

— 

4 

4,620 

45,440 

Day  . 

8 

9 

10 

11 

— 

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

24,472 

44,352 

194,128 

410,000 

— 

— 

— 

Rat  16.— White,  weight  58  grams.  Dose  of  inoculation  =  200,000  Trypanosomes.  (J.G.T.) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . 

_ 

_ 

— 

104 

37,000 

30,240 

Temp . 

42 

44 

36 

44 

46 

Day  . 

8 

9 

10 

11 

12 

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

126,000 

86,640 

121,600 

189,000 

160,800 

— 

— 

Temp . 

34 

52 

20 

34 

18 

" 

Note  1  staircase  '  rise  in  the  numbers  of  the  parasites. 


4^6 

Rat  17. — White,  weight  62  grams.  Dose  of  inoculation  38,000  Trypanosomes.  (J.G.T.) 


Day  . 

1 

2 

3 

4 

5  6 

7 

8 

Number  of  Trypanosomes  per 
c.mm . 

— 

— 

— 

— 

1,500  500 

1,380 

4,028 

Temp.  ...  ...  . 

5° 

3° 

56 

5° 

7° 

Note  initial  fall  in  numbers  during  first  24  hours. 


Graph  ot  Daily  Counts  of  the  Parasites  in  the  Blood  of  a  Rat  inoculated  with  T.  rhni‘ 
e.  Continuous  rise.  (See  record  of  Rat  >8.) 


II.— RATS  EXHIBITING  CONTINUOUS  RISE  IN  THE  NUMBER 
OF  PARASITES 

Rat  18. — White  q,  weight  108  grams.  Dose  of  inoculation:  two  million  Trypanosomes- 

(H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

Parasites  per  c.mm . 

Temp . 

— 

— 

20 

3+ 

4,888 

42 

17:94° 

5° 

26,240 


7 


36,000 


1° 
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Rat  18 — continued. 


Day  . . 

8 

9 

— 

— 

— 

— 

— 

Parasites  per  c.mm . 

129,024 

175,200 

— 

— 

- 

— 

Temp . 

46 

— 

i 

— 

— 

The  graph  of  Rat  18  is  represented  in 

Chart  2. 

Rat  19. — Piebald,  weight  137  grams. 

Dose  : 

,500,000  Trypanosomes. 

(H.B.F.) 

Day  . 

1 

2 

3  1 

4 

5 

6 

7 

Parasites  per  c.mm . 

— 

— 

48 

4,920 

9,800 

26,880 

Temp . 

40 

4° 

52 

62 

5° 

62 

52 

Day  . 

8 

9 

10 

— 

I 

— 

Parasites  per  c.mm . 

31,000 

51,080 

160,000 

— 

— 

Temp . 

44 

44 

30 

— 

Rat  20. — Piebald  (J,  weight  182  grams. 

Dose  : 

two  million  Trypanosomes.  (H.B.F.) 

Day  . 

1 

2 

4 

5 

6 

7 

8 

Parasites  per  c.mm . 

_ 

— 

20 

4»352 

6,640 

7,77  6 

20,088 

126,000 

Temp . 

36 

36 

34 

52 

48 

47 

10 

0 

Rat  2!.— Piebald  <J,  weight  130  grams. 

Dose 

:  1,500,000  Trypanosomes 

.  (H.B.F 

•) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

— 

36 

3,888 

42,200 

58,800 

Temp . 

38 

36 

38 

5° 

34 

58 

20 

Day  . 

8 

9 

10 

11 

— 

— 

— 

Parasites  per  c.mm . 

86,832 

97 

200 

1 1 2,000 

144,000 

— 

— 

— 

Temp . 

t6 

50 

20 

O 

428 

Rat  22.— White  $,  weight  125  grams.  Dose:  1,500,000  Trypanosomes.  (H.B.F., 


Day 

...  , 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm. 

244 

18,000 

66.560 

81,000 

176,8k 

Temp. 

20 

22 

30 

26 

20 

6 

0 

Chart 
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J.  Graph  showing  Daily  Counts  of  the  Parasites  per  c.mm.  in  the  Peripheral  Blood  0: 
•  inoculated  with  T.  gambiense.  Periodic  Variation.  (See  record  of  Rat  23.) 


(£)  Trypanosoma  gambiense 

I.— RATS  EXHIBITING  PERIODIC  VARIATION 

Rat  23.— Piebald,  weight  173  grams.  Dose  of  inoculation:  two  million  Trypanosome*. 
 CJG.T.) 


Day 


Parasites  per  c.mm. 
Temp. 


55 


40 


5° 


5° 


44 


34 


120 

S' 


429 


Rat  23 — continued. 


Day  . 

8 

9 

10 

11 

12 

13 

14 

Parasites  per  c.mm . 

48,000 

68,728 

125,860 

18,764 

600 

9,280 

60,712 

Temp . 

45 

65 

50 

5° 

66 

38 

Day  . 

>5 

16 

•7 

18 

•9 

— 

— 

Parasites  per  c.mm . 

130,000 

142,000 

100,000 

240,000 

1 64,000 

— 

— 

Temp . 

34 

40 

55 

1 1 

The  graph  of  Rat  23  is  represented  in  Chart  3. 


Rat  24.— White  <J,  weight  .65  grams.  Dose  of  inoculation:  500,000  Trypanosomes. 

(H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

8 

Parasites  per  c.mm . 

Temp . 

— 

3° 

34 

34 

60 

4 

64 

6,000 

74 

1,920 

52 

Day  . 

9 

10 

1 1 

12 

•3 

14 

‘5 

Parasites  per  c.mm . 

Temp . • 

120 

54 

200 

300 

20 

360 

54 

28,800 

54 

16,800 

58 

138,240 

10 

Rat  25-Piebald  ,  weight  155  grams.  Dose  :  two  million  Trypanosomes.  (H-B.FQ 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

Temp . 

— 

5° 

22 

3,080 

10 

17,080 

44 

90,000 

1 60,000 

66 

Day  . 

8 

9 

10 

11 

12 

13 

— 

Parasites  per  c.mm . 

Temp . 

19,100 

20 

7,800 

42 

7,800 

40 

_ 

10,080 

10 

76,800 

0 

38,800 

0 

— 

. 


Rat  26.— White  $,  weight  150  grams.  Dose:  150,000  Trypanosomes.  (H.B.F.) 


Day  . . 

1 

2 

3 

4 

5 

6 

7 

8 

Parasites  per  c.mm . 

— 

— 

— 

— 

— 

- 

4 

1,088 

Temp . 

48 

55 

46 

65 

_ 

60 

62 

58 

54 

Day  ...  . 

9 

10 

11 

12 

>3 

14 

‘5 

Parasites  per  c.mm. 

4,892 

768 

1,680 

2,860 

9,688 

6.34 

243« 

Temp. 

61 

60 

44 

46 

57 

54 

fc 

Rat  27. — White,  weight  1 1 3  grams.  Dose  of  inoculation:  60,000  Trypanosomes.  JG.T. 


Day  ...  . 

I 

1 

2 

3 

4 

5 

6 

7 

8 

Parasites  per  c.mm. 

— 

— 

— 

— 

120 

14,31° 

101,74° 

Temp . 

61 

49 

32 

12 

44 

5 

4° 

Day 

9 

10 

1 1 

12 

13 

■4 

>5 

Parasites  per  c.mm . 

146,880 

69,400 

23,276 

55'224 

67,096 

57, 552 

6,120 

Temp. 

44 

36 

36 

35 

_ 

R.vr  28. — White,  weight  101  grams.  Dose  of  inoculation  :  60.000  Trypanosomes.  G  ^ 


Day 

, 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm. 

256 

2.808 

Temp . 

59 

70 

43 

42 

4° 

>6 

Day  . 

8 

9 

10 

1 1 

12 

13 

14 

270.000 

4° 

Parasites  per  c.mm . 

Temp . 

4,416 

44 

3,64s 

42 

24,904 

34 

90,560 

26 

118,700 

24 

143, 520 

43 1 


Rat  28 — continued. 


Day  . 

>5 

16 

•7 

— 

— 

— 

— 

Parasites  per  c.mm . 

100,000 

200,600 

6.048 

— 

— 

- 

— 

Temp . 

78 

42 

— 

— 

— 

— 

— 

Rat  2q. — Piebald  q,  weight  230  grains.  Dose:  one  million  1  rypanosomes.  (H.B.F 

Day  . 

I 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

— 

364 

3.328 

6,600 

28,080 

12,600 

Temp . 

36 

40 

56 

60 

47 

82 

56 

Day 

8 

9 

to 

1 1 

— 

r= — 

.  — 

Parasites  per  c.mm . 

2.808 

16,380 

19,360 

150.000 

— 

Temp. 

>4 

52 

44 

10 

— 

II.— RATS  EXHIBITING  CONTINUOUS  RISE  IN  THE  NUMBER 
OF  PARASITES 

Rat  30. — Piebald  $,  weight  125  prams.  Dose:  500, 000  Trypanosomes.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

_ 

— 

— 

— 

— 

— 

Temp . 

46 

76 

72 

5  6 

5° 

48 

Day 

8 

9 

to 

1 1 

12 

13 

'4 

Parasites  per  c.mm . 

• 

8 

2,112 

2,600 

3. '20 

150,000 

153,000 

Temp . 

62 

65 

42 

33 

58 

26 

Day  . 

>5 

16 

— 

— 

— 

— 

Parasites  per  c.mm . 

181.440 

540.000 

— 

- 

— 

- 

— 

Temp . 

36 

10 

— 

— 

4.^2 


Rat  31. — Piebald  <?,  weight  100  grams.  Dose:  85,000  Trypanosomes.  (H.B.F.) 


Day  . 

i 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

— 

— 

— 

- 

3,000 

12,000 

15,11: 

Temp . 

34 

30 

34 

32 

Day  ...  . 

8 

9 

10 

11 

12 

- 

- 

Parasites  per  c.mm. 

24,000 

101,400 

200,600 

378,56o 

216,000 

- 

- 

Temp. 

34 

44 

42 

20 

10 

— 

Rat  32. — Piebald  $,  weight  155  grams.  Dose:  1,500,000  Trypanosomes.  (H.B.F.) 

Day 

1 

2 

3 

4 

5 

6 

1 

Parasites  per  c.mm . 

— 

— 

1,680 

14,560 

30,200 

61,250 

9o,ccc 

Temp. 

34 

34 

66 

>2 

5° 

44 

Day  . 

8 

9 

10 

1 1 

- 

- 

Parasites  per  c.mm. 

220,500 

409,600 

504,000 

360,000 

— 

- 

- 

Temp. 

5° 

44 

34 

10 

— 

— 

^AT  33- — White  $,  weight  40  grams.  Dose  :  100,000  Trypanosomes.  (H.B.F.) 


Day 

1 

2 

3 

4 

'  5 

6 

7 

$ 

Parasites  per  c.mm. 

_ 

_ 

32 

8,100 

48,150 

88,000 

126,000 

180,00 

Temp. 

34 

45 

3° 

70 

'  yuung.  1C  is  interesting  to  note  tnat  a  count  was  maae  on  uic  w. - . 

hours  after  the  first  count  recorded  in  the  table.  There  were  then  544  parasites  per  c.mm-, 

=  ’7  times  the  first  count,  showing  that  four  divisions  of  the  parasite  had  taken  place  in  ®' 
hours. 
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From  these  tables  it  will  be  seen  that  young  and  light  rats,  such 
as  Numbers  18  and  33,  are  less  resistant  than  older  and  heavier 
rats,  e.g.,  Numbers  1  and  23. 

It  will  also  be  seen  that  when  the  initial  rise  is  rapid  and  high 
the  rat  soon  dies,  and  does  not  show  periodic  variation. 


COMPARISON  OF  THE  TWO  STRAINS  IN  RATS 

We  now  append  a  table,  for  purposes  of  easy  comparison, 
of  various  points  regarding  the  two  strains  in  rats.  The  figures 
are  compiled  from  the  foregoing  data,  and  relate  to  enumerations  in 
seventeen  rats  exhibiting  periodic  variation,  and  of  five  rats 
exhibiting  continuous  rise  in  the  case  of  T .  rhodesiense ;  also  of  seven 
rats  exhibiting  periodic  variation  and  of  four  rats  showing 
continuous  rise  in  the  case  of  T.  gambiense. 

(a)  7'.  rhodesiense 


No. 

Colour 

Weight  in 
grams 

Incubation 
period  in 
days 

Duration 
of  life  in 
days 

No.  of 

Trypanosomes 

inoculated 

Approximate 
No.  of  Divisions 
in  first  24  hours 

I 

Piebald 

187 

2 

'4 

1  million 

3 

2 

White 

108 

2 

10 

350,000 

7 

3 

White 

225 

1 

9 

2  million 

8 

4 

Piebald 

220 

3 

'3 

500,000 

8 

5 

White 

120 

3 

1 1 

750,000 

2 

6 

Piebald 

100 

3 

9 

1  million 

8 

7 

Piebald 

i8q 

2 

9 

30,00c 

4 

8 

White 

1 95 

3 

'3 

100,000 

Fall 

9 

Piebald 

100 

3 

12 

500,000 

8 

10 

Piebald 

150 

3 

>5 

500,000 

8 

n 

White 

148 

3 

18 

300,000 

3 

12 

White 

« 38 

4 

12 

600.000 

8 

<3 

White 

140 

4 

16 

200,000 

4 

H 

Piebald 

127 

3 

1 2 

200,000 

5 

>5 

Piebald 

104 

4 

1 1 

200,000 

IO 

16 

White 

58 

4 

12 

200,000 

8 

>7 

White 

62 

4 

8 

38,000 

Fall 

18 

White 

1 08 

2 

9 

2  million 

8 

■9 

Piebald 

137 

3 

10 

ii  million 

7 

20 

Piebald 

182 

2 

8 

2  million 

8 

21 

Piebald 

>30 

3 

1 1 

ii  million 

7 

22 

White 

iis 

2 

7 

it  million 

6 

| 

Average  ... 

780,000 

Remarks 


(7  to  8  divisions  in 
next  24  hours) 


(10  divisions  in  next 
24  hours) 


Pregnant 

Pregnant 


See  Chart  2 


Bll 
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(/?)  7 .  gambiense 


No. 

Colour 

Weight  in 
grams 

Incubation 
period  in 
days 

Duration 
of  life  in 
days 

No.  of 

Trypanosomes 

inoculated 

Approximate 
No.  of  Divisions 
in  first  24  hours 

Remark 

*3 

Piebald 

'73 

6 

•9 

2  million 

8 

See  Chart  ; 

24 

White! 

‘65 

5 

'5 

500,000 

10 

25 

Piebald 

'55 

3 

'3 

2  million 

3 

26 

White 

150 

6 

'5 

1  so, 000 

8 

27 

White 

"3 

5 

*  5 

60,000 

7 

28 

White 

101 

5 

'7 

60,000 

3 

29 

Piebald 

230 

2 

1 1 

1  million 

3 

3o 

Piebald 

'25 

8 

>6 

5  00,000 

8 

31 

Piebald 

TOO 

4 

12 

85.000 

2 

32 

Piebald 

'55 

2 

1 1 

1,500,000 

3 

Not  very  resistar: 

33 

White 

40 

2 

8 

100,000 

8 

Young 

_ 1 

\vcragc  ... 

723,000 

From  the  foregoing  tables  it  follows:  — 


(1)  That  the  average  incubation  period*  in  the  case  of 
7.  rhodesiense  was  2‘Q  days,  whereas  the  average  incubation  period 
in  the  case  of  T .  gambiense  was  4' 4  days. 

(2)  1  he  average  life  of  rats  inoculated  with  T.  rhodesiense  was 
11  3  days,  whereas  the  life  of  rats  infected  with  T.  gambiense  was 
13  8  days. 

These  inferences  are  legitimate,  for  the  average  weight  of  the 
rats  inoculated  with  T.  rhodesiense  was  1 38*8  grams,  whereas  the 
average  weight  of  those  inoculated  with  T.  gambiense  was  13/ 
grams.  Also  the  numbers  of  trypanosomes  inoculated  were 
nearly  the  same  in  the  two  strains,  averaging  780,000  and  723,00c 
respectively. 


\3^  On  comparing  the  number  of  divisions  of  parasites 
occurring  in  the  first  twenty-four  hours  in  both  strains,  we  find 
that  it  was  approximately  the  same,  namely,  six  divisions  on  the 
a\ciage,  and  varied  in  each  case  from  two  to  ten  divisions,  most 
frequently  being  eight. 


(4)  There  is  also  a  shorter  period  between  the  crests  of  the 
waves  in  the  graphs  denoting  the  number  of  trypanosomes  in 

parasitS’iitn^r  We.mcan,  the  interval  fa  days)  from  the  moment  of  inoculation  of  the 

peripheral  blood  of°host  ^  trvPanosomes  are  first  found  in  one  cubic  millimetre  of  the 
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the  Rhodesian  strain  (about  three  to  four  days)  than  in  the 
laboratory  strain  of  T.  gambiense  (viz.,  four  to  six  days).  (See 
Charts  i  and  3.) 

(5)  The  difference  in  morphology  between  T.  rhodesiense  and 
T.  gambiense  has  already  been  noted  by  Stephens  and  Fantham 
(1910). 

(6)  It  follows,  especially  from  the  incubation  period  and  the 
duration  of  life  in  sub-inoculated  rats,  that  the  Rhodesian  strain 
is  the  more  virulent.  The  difference  of  virulence  is  more  markedly 
shown  in  the  duration  of  life  of  infected  guinea-pigs  (see  p.  457). 

Curiously  enough,  we  find  that  the  incubation  period  does  not 
seem  to  be  affected  so  much  by  the  dose  (number  of  trypanosomes) 
inoculated  as  by  the  resistance  of  the  animals.  (Cf.  Professor  Ross’s 
‘Prevention  of  Malaria’  (1910),  pp.  94,  95-) 

ENUMERATIONS  IN  GUINEA-PIGS 

Exactly  the  same  methods  as  already  set  forth  were  followed 
in  the  counts  of  parasites  in  guinea-pigs.  1  he  same  two  strains  of 
trypanosomes  were  again  used,  five  animals  being  inoculated  with 
each  strain.  We  append  tables  of  our  results,  together  with  typical 
charts. 

1 .  T.  rhodesiense 


Guinea-pig  i.— Weight  346  grams.  Dose  of  inoculation  :  500,000  Trypanosomes. 

Incubation  period  6  days.  Duration  of  life  79  days.  (J.G.T.) 


Day  . 

I 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . ... 

_ 

— 

— 

— 

— 

— 

4 

Leucocytes  . 

— 

6,000 

'bs 

00 

0 

— 

13,000 

6,720 

3,884 

Temp . 

— 

80 

84 

76 

- 

70 

76 

Weight  in  grams  . 

- 

346 

— 

— 

— 

Day  . 

8 

9 

10 

1 1 

12 

*3 

H 

Number  of  Trypanosomes  per 
c.mm . 

28 

44 

20 

8 

48 

2 

4 

Leucocytes  . 

18,944 

1 1,328 

t3>44° 

4,920 

26,400 

10,780 

9,408 

Temp . 

75 

74 

70 

78 

— 

74 

80 

Weight  in  grams  . 

— 

— 

— 
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Chari  4-  ('r.ipli  of  Daily  Counts  of  the  Parasites  in  the  Peripheral  Blood  of  a  Guinea-pig  inoculated  with  T.  rbodetiensc.  Periodic  Variation. 
(See  record  of  Guinea-pig  1.) 
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Guinea-pig  i — continued. 


Day  . 

»5 

16 

17 

18 

•9 

20 

21 

Number  of  Trypanosomes  per 
c.mm . 

68 

104 

216 

8,712 

1,010 

1,936 

504 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

— 

Temp . 

80 

80 

80 

66 

_ 

76 

80 

Weight  in  grams 

— 

408 

— 

— 

— 

— 

— 

Day  . 

22 

23 

24 

25 

26 

27 

28 

Number  of  Trypanosomes  per 
c.mm.  ...  '  ... 

I,I52 

1,360 

8,576 

8,064 

9,936 

28,224 

1 5,504 

Leucocytes 

— 

4,200 

24,384 

14,400 

24,360 

— 

Temp . 

76 

76 

74 

76 

— 

80 

81 

Weight  in  grams 

— 

— 

— 

— 

Day  . 

29 

30 

3' 

32 

33 

34 

35 

Number  of  Trypanosomes  per 
c.mm . 

29,488 

32,320 

25,200 

16,800 

15,792 

23,200 

30,944 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

— 

Temp. 

80 

82 

80 

80 

— 

— 

94 

Weight  in  grams 

— 

425 

— 

479 

Day  . 

36 

37 

38 

39 

40 

4' 

42 

Number  of  Trypanosomes  per 
c.mm . 

23,688 

16.800 

— 

10,560 

10,520 

21,280 

20,208 

Leucocytes  . 

— 

— 

— 

— 

— 

Temp . 

8l 

83 

— 

— 

— 

82 

Weight  in  grams  . 

— 

— 

— 

Day  . 

43 

44 

45 

46 

1 

47 

48 

49 

Number  of  Trypanosomes  per 
c.mm . 

1 1,172 

21,334 

•4,784 

30,448 

24,8 1 2 

17.952 

12,960 

Leucocytes  . 

— 

— 

— 

— 

Temp . 

— 

— 

— 

— 

Weight  in  grams  . 

— 

— 

— 

— 

— 
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Guinea-pig  i — continued. 


Day  . 

5° 

5' 

52 

53 

54 

55 

56 

Number  of  Trypanosomes  per 
c.mm . 

9,920 

8,920 

7>448 

19,824 

— 

17,612 

26496 

Leucocytes 

— 

— 

— 

— 

- 

- 

- 

Temp. 

— 

— 

— 

— 

- 

- 

- 

Weight  in  grams 

— 

— 

— 

— 

— 

— 

The  animal  lived  for  23  days  after  the  last  count  was  made. 


The  graph  of  Guinea-pig  1  is  shown  in  Chart  4. 


Guinea-pig  2,  — Weight  880  grams  when  inoculated;  614  grams  at  death.  Dose  of 

inoculation  :  500,000  Trypanosomes.  Duration  of  life  28  days.  (H.B.F.) 


Day 

1 

2 

3 

4 

5 

6 

7 

8 

Parasites  per  c.mm . 

_ 

_ 

2 

0 

1 

4 

4 

12 

Temp. 

12 

70 

66 

26 

65 

62 

Day 

9 

10 

1 1 

12 

>3 

14 

'5 

Parasites  per  c.mm . 

8 

100 

150 

1,000 

896 

1,680 

7 ,992 

TemP . 

74 

70 

64 

66 

76 

68 

- _ _ 

Day 

16 

>7 

18 

>9 

20 

21 

22 

Parasites  per  c.mm . 

6,000 

5*632 

7,200 

21,600 

45,600 

25,000 

11,34° 

Temp . 

63 

75 

80 

70 

73 

52 

20 

Day  . 

23 

24 

25 

26 

27 

28 

Parasites  per  c.mm . 

Temp. 

6,720 

80 

4.4  >6 

82 

18,720 

10 

9,600 

64 

6,000 

78 

30,720 

6 

Died 
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Guinea-pig  3,  ^.—Weight  952  grams  at  time  of  inoculation;  880  grams  at  death.  Dose 
of  inoculation :  two  million  Trypanosomes.  Duration  of  life  82  days.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

Temp . 

— 

25 

— 

— 

— 

8 

20 

4 

Day  . 

46 

47 

48 

49 

5° 

Parasites  per  c.mm . 

Interval 

12,600 

80,064 

68,448 

23^62 

9-972 

of  38  days’ 

Temp.  . 

vacation 

32 

44 

40 

38 

34 

Day  . 

5* 

52 

53 

54 

55 

56 

57 

Parasites  per  c.mm. 

4.840 

2,320 

6.040 

7,  zoo 

3,600 

2,560 

4,284 

Temp . 

44 

3° 

40 

68 

26 

28 

Day  . 

58 

59 

60 

61 

62 

63 

64 

Parasites  per  c.mm . 

8.600 

1 2,480 

*3,296 

3-32S 

4.320 

1,600 

3-072 

Temp . 

40 

40 

4' 

34 

3° 

34 

Day 

65 

66 

67 

68 

69 

70 

7i 

Parasites  per  c.mm . 

6,400 

8,640 

1,280 

2.080 

1,024 

768 

1,200 

Temp . 

46 

30 

44 

40 

42 

43 

Day  . 

72 

73 

74 

75 

76 

77 

78 

Parasites  per  c.mm . 

10,560 

1 

6.048 

i  5-88° 

2,480 

4,32° 

5,760 

4,032 

Temp . 

38 

4° 

32 

32 

33 

26 

440 


Guinea-pig  3 — continued. 


Day  . 

79 

80 

81 

82 

- 

- 

Parasites  per  c.mm. 

1,296 

720 

140 

6,000 

Died 

- 

- 

TcmP . 

24 

40 

36 

'4 

- 

- 

Guinea-pig  4,  q  . — Weight  440  grams  at  time  of  inoculation;  402  grams  at  time  of  death. 
Dose  of  inoculation  :  two  million  Trypanosomes.  Duration  of  life  57  days.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

8 

Parasites  per  c.mm. 

_ 

_ 

_ 

_ 

1,920 

8 

8 

0 

Temp . 

'3 

22 

3' 

22 

33 

Day  . 

47 

48 

49 

5° 

5' 

Parasites  per  c.mm. 

Interval 

10,000 

67.392 

113,568 

33,880 

96,10c 

of  38  days' 

Icmp. 

vacation 

20 

24 

46 

32 

Day  . 

52 

S3 

55 

56 

57 

Parasites  per  c.mm. 

50,000 

26.74O 

14,864 

7,168 

3.024 

24,720 

Died 

Temp. 

40 

36 

49 

34 

2 

Guinea-pig  5,  $. — Weight  492  grams  when  inoculated;  447  grams  at  death.  Dose  of 
inoculation:  million  Trypanosomes.  Duration  of  life  51  days.  (H.B.F.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm. 

_ 

_ 

!  - 

_ 

— 

- 

Temp . 

!  30 

Day 

8 

9 

IO 

1 1 

„ 

>4 

Parasites  per  c  mm. 

— 

_ 

_ 

12 

— 

4 

56 

40 

Temp. 

44 

40 

48 

48 

46  1 

40 

_ . 

I 


44i 


v 

o 

’X. 


ZJ 


S 

o 

o 

.s 

'E. 

i 

cs 

o 

.= 

’3 

0 


Guinea-pip  5 — continued. 


Day  . 

<5 

l6 

•7 

18 

*9 

20 

21 

Parasites  per  c.mm. 

36 

4 

4 

.48 

76 

240 

120 

Temp. 

36 

52 

30 

46 

34 

3° 

24 

Day  . 

22 

23 

24 

25 

26 

27 

28 

Parasites  per  c.mm. 

660 

420 

260 

2,700 

3.264 

432 

1,02* 

Temp. 

40 

26 

12 

12 

25 

26 

Day 

21) 

3° 

3> 

32 

33 

34 

35 

Parasites  per  c.mm. 

3,200 

6,400 

5.440 

2,744 

2,352 

3,520 

12,80: 

Temp.  ...  ...  ... 

23 

38 

24 

3«  j 

45 

20 

Day 

J  36 

37 

38 

39 

40 

4i 

42 

Parasites  per  c.mm. 

35-200 

15,680 

15,760 

r  0,000 

9,408 

10,240 

9,800 

Temp. 

50 

47 

38 

40 

40 

36 

Day  . 

43 

44 

45 

46 

47 

4S 

49 

Parasites  per  c.mm. 

15.120 

19,600 

9,600 

29.568 

27,320 

60.624 

49, *4= 

Temp. 

50 

44 

23 

3o 

28 

54 

5° 

Day 

5o 

5'  j 

Parasites  per  c.mm. 

96,880 

164,160 

Died 

1 

Temp . 

38 

0 

— 

— 

- 

- 

The  graph  of  Guinea-pig  5  is  represented  in  Chart  5. 
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>.  T.  gambiense 

Guinea-pig  6. — Weight  403  grams.  Dose  of  inoculation  :  4,000,000  Trypanosomes. 

Duration  of  life  79  days.  (J.G.T.) 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . 

— 

— 

12 

16 

24 

8 

0 

Leucocytes 

— 

— 

— 

— 

— 

— 

— 

Temp . 

78 

73 

Ml 

82 

84 

70 

77 

Weight  in  grams 

403 

— 

— 

— 

Day  . 

8 

9 

10 

1 1 

12 

13 

'4 

Number  of  Trypanosomes  per 
c.mm . 

8 

8 

4 

0 

8 

76 

48 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

— 

Temp . 

76 

85 

86 

— 

90 

80 

9» 

Weight  in  grams  . 

— 

— 

— 

— 

Day  . 

*5 

16 

•7 

18 

19 

20 

21 

Number  of  Trypanosomes  per 
c.mm . 

680 

1,440 

960 

— 

272 

440 

416 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

Temp . 

80 

76 

80 

— 

74 

76 

88 

Weight  in  grams  . 

405 

— 

— 

— 

Day  . 

22 

23 

24 

25 

26 

27 

28 

Number  of  Trypanosomes  per 
c.mm . 

1,296 

420 

480 

270 

2,552 

1,320 

6,000 

Leucocytes  . 

_ 

— 

— 

— 

— 

Temp . 

81 

90 

82 

— 

— 

72 

80 

Weight  in  grams  . 

— 

— 

— 

— 

' 
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Guinea-pig  6 — continued. 


Day  ...  . 

29 

30 

3* 

32 

33 

34 

35 

Number  of  Trypanosomes  per 

c.mm.  ...  ...  . 

13,392 

21,620 

29,160 

44.016 

28,836 

14,812 

‘3-39* 

Leucocytes  ...  . 

— 

— 

13,428 

- 

16,200 

7,452 

7,54^ 

Temp.  ...  ...  . 

74 

— 

86 

- 

84 

80 

80 

Weight  in  grams  . 

427 

— 

— 

— 

— 

Day  . 

36 

37 

33 

39 

40 

4* 

42 

Number  of  Trypanosomes  per 
c.mm.  ... 

29,592 

39  >72° 

52,600 

39,396 

27,840 

67,032 

113,16c 

Leucocytes 

8,856 

1 1,200 

12,400 

5,964 

- 

7, 068 

- 

Temp. 

70 

76 

70 

— 

82 

76 

82 

Weight  in  grams 

— 

— 

— 

— 

— 

Day  . 

43 

44 

45 

46 

47 

48 

49 

Number  of  Trypanosomes  per 
c.mm.  ... 

88,000 

100,400 

45,080 

1 10,400 

60,904 

40,240 

55, *4° 

Leucocytes 

6,920 

8,320 

5,100 

14,812 

6,888 

6,240 

7,92c 

Temp. 

82 

82 

80 

— 

70 

78 

80 

Weight  in  grams  . 

538 

— 

— 

— 

- 

— 

' 

Day 

5° 

5> 

52 

53 

54 

55 

Number  of  Trypanosomes  per 
c.mm.  ... 

32,544 

99,000 

71,680 

75,674 

74,784 

1 

74, 112 

Leucocytes 

4,032 

8,53° 

— 

— 

— 

- 

Temp. 

81 

84 

86 

— 

86 

78 

Weight  in  grams  . 

— 

— 

— 

— 

445 


Guinea-pig  6 — continued. 


Day  . 

S7 

58 

I 

59 

I 

60 

61 

62 

65 

Number  of  Trypanosomes  per 
c.mm . 

67,^26 

85,184 

26,460 

56,280 

53,600 

7°, 752 

80,726 

Leucocytes  . 

— 

— 

9,976 

— 

— 

— 

Temp . 

76 

76 

78 

— 

— 

99 

80 

Weight  in  grams  . 

574 

— 

— 

— 

— 

Day  . 

64 

65 

66 

67 

68 

69 

70 

Number  of  Trypanosomes  per 
c.mm . 

64,000 

$°»*32 

27,456 

44,000 

63,962 

9^056 

72,452 

Leucocytes  . 

— 

— 

— 

— 

— 

1 9**52 

— 

Temp . 

80 

— 

— 

— 

76 

— 

— 

Weight  in  grams 

610 

— 

— 

— 

Day  . 

7« 

7a 

75 

74 

75 

76 

77 

Number  of  Trypanosomes  per 
c.mm . 

57,624 

62,800 

72.584 

100,128 

62,496 

75,520 

49,856 

Leucocytes  . 

—  ’ 

— 

— 

— 

— 

Temp . 

— 

— 

— 

— 

— 

— 

— 

Weight  in  grams 

— 

— 

— 

— 

— 

Day  . 

78 

79 

— 

— 

— 

— 

— 

Number  of  Trypanosomes  per 
c.mm . . 

80,808 

55,>76 

Died 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

— 

- 

Temp . 

— 

— 

- 

— 

- - 

Weight  in  grams 

!  — 

— 

— 

_ 

— 

- ■ 

446 


Gujnea-pig  7. — Incubation  period  4  days.  Duration  of  life  105  days.  (J.G.T.) 


Day  . 

20 

21 

22 

23 

24 

25 

:6 

Number  of  Trypanosomes  per 
c.mm.  ... 

3°.,9° 

15,120 

6,784 

4,280 

3.852 

30400 

42, col 

Temp. 

S6 

80 

76 

83 

89 

92 

Weight  in  grams  . 

— 

— 

534 

- 

- 

- 

Leucocytes 

— 

~ 

- 

- 

12.CCC 

Day 

27 

28 

1 

29 

30 

3' 

32 

33 

Number  of  Trypanosomes  per 
c.mm.  ... 

32.212 

28,120 

7.9'4 

18,698 

13,860 

23,44<= 

2i,7» 

Temp. 

86 

So 

85 

84 

82 

85 

- 

Weight  in  grams  . 

— 

— 

— 

— 

- 

- 

Leucocytes 

— 

—  ! 

— 

— 

- 

- 

Day 

34 

35 

36 

37 

38 

j  3, 

40 

Number  of  Trypanosomes  per 
c.mm.  ... 

8,040 

'3,784 

8,460 

9,720 

9,600 

— 

32,572 

- 

Temp. 

84 

107 

90 

80 

76 

78 

- 

Weight  in  grams  . 

— 

_ 

467 

— 

— 

- 

Leucocytes  . | 

- _ 1  1 

— 

t  I 

-  j 

— 

_ 

- 

Day 

4' 

42 

43 

44 

45 

46 

47 

Number  of  Trypanosomes  per 
c.mm.  ... 

16,992 

10,000 

3,840 

432 

1,760 

1,94° 

32c 

Temp . 

82 

So 

82 

84 

84 

86 

- 

Weight  in  grams 

— 

_ 

_ 

_ 

- 

Leucocytes 

... 

— 

- 

- 

j 

_ 

- 

447 


44^ 


Guinea-pig  7 — continued. 


Day  . 

48 

49 

5° 

5' 

52 

53 

54 

Number  of  Trypanosomes  pc 
c.mm.  ... 

552 

1.440 

1,000 

1,232 

3484 

58,608 

524S4 

Temp. 

— 

78 

76 

76 

— 

72 

- 

Weight  in  grams 

— 

— 

— 

463 

— 

— 

— 

Leucocytes  ...  . 

— 

— 

— 

17,160 

26.784 

Day 

55 

56 

57 

58 

59 

60 

61 

Number  of  Trypanosomes  per 
c.mm.  ... 

•  3*,I24 

26,416 

18,368 

8,1 12 

j  5.840 

5; '84 

15,656 

Temp. 

80 

78 

75 

74 

74 

76 

— 

Weight  in  grams 

— 

— 

— 

— 

•  — 

— 

Leucocytes 

10,408 

12,480 

24,832 

23,972 

15,920 

3>,644 

22,116 

Day  . 

62 

63 

64 

65 

66 

67 

68 

Number  of  Trypanosomes  per 
c.mm.  ... 

19,244 

19,584 

13.760 

11,360 

8,640 

9.502 

7,776 

TemP . 

73 

78 

80 

80 

80 

70 

76 

Weight  in  grams 

— 

— 

— 

— 

- 

— 

Leucocytes 

18,564 

18, 432 

26,960 

20,480 

41, 272 

— 

Day  . 

69 

70 

71 

72  1 

73 

74 

75 

Number  of  Trypanosomes  per 
c.mm.  ... 

15,800 

23,848 

42,480 

57440 

45,800 

30,100 

12.144 

Temp . 

77 

80 

80 

86 

84 

80 

Soj 

Weight  in  grams  . 

— 

— 

— 

500 

— 

- 

- 

Leucocytes  (local)  . 

— 

12,672 

25,04° 

15,480  j 

14,560 

— 

— 

449 


Guinea-pig  7 — continued. 


Day  . 

76 

77 

78 

79 

80 

81 

82 

Number  of  Trypanosomes  per 
c.mm . 1 

t2, 180 

21,328 

70,000 

21,160 

32.944 

9,048 

7,392 

Temp . 

80 

80 

80 

86 

84 

84 

84 

Weight  in  grams  . 

— 

— 

— 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

- 

— 

— 

Day  . 

8? 

84 

85 

86 

87 

88 

89 

Number  of  Trypanosomes  per 
c.mm . 

9,°56 

12,760 

25,632 

42,000 

25.000 

10,570 

31,680 

Temp . 

— 

86 

85 

80 

- 

— 

— 

Weight  in  grams  . 

— 

— 

— 

513 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

Da>  . 

90 

91 

92 

93 

94 

95 

96 

— - —  ■ 

Number  of  Trypanosomes  per 
c.mm . 

24,180 

35, 112 

34,368 

17,248 

2 1 ,648 

13,832 

17,920 

Temp . 

82 

— 

— 

— 

— 

Weight  in  grams  . 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

Day  . 

97 

98 

99 

- 

100 

IOI 

102 

103 

Number  of  Trypanosomes  per 
c.mm.  ... 

10,248 

23,832 

21,888 

i3,°72 

39,128 

25,576 

- 

Temp . 

— 

— 

— 

— 

— 

— 

Weight  in  grams  . 

— 

— 

— 

“ 

Leucocytes  . 

— 

— 

— 

1  - 

Day  . 

104 

«°5 

— 

— 

— 

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

23,056 

17,848 

Died 

— 

— 

— 

— 

Temp . 

— 

— 

Weight  in  grams  . 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

The  graph  of  Guinea-pig  7  is  represented  in  Chart  6. 
CC 
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Guinea-pig  8,  g— Weight  867  grams  at  time  of  inoculation;  830  grams  on  92nd  day;  755 
grams  at  death.  Dose  of  inoculation  :  500,000  Trypanosomes.  Duration  of  life 

130  days.  (H.B.F.) 


Day 

1 

2 

3 

4 

5 

6 

Parasites  per  c.mm. 

— 

— 

— 

8 

4 

Interval 
of  38  days' 

Temp. 

3° 

35 

36 

vacation 

Day 

45 

46 

47 

4» 

49 

5° 

5' 

Parasites  per  c.mm. 

7*54° 

— 

8,640 

5,808 

■3d  56 

14,400 

18,000 

1,28c 

Temp. 

26 

16 

20 

44 

20 

55 

2C 

Day 

52 

53 

54 

Si 

56 

57 

58 

Parasites  per  c.mm. 

4,896 

»>792 

576 

11,000 

9,600 

12,800 

18,20c 

Temp. 

34 

46 

3° 

33 

38 

5° 

46 

Day 

59 

60 

61 

62 

63 

64 

63 

Parasites  per  c.mm. 

9,216 

1.024 

2,916 

6,000 

7,680 

10,000 

2,OCO 

Temp . 

36 

54 

36 

20 

34 

6c 

4° 

- - - - - 

Day 

66 

fi7 

68 

69 

70 

7l 

V- 

Parasites  per  c.mm. 

1.220 

1,440 

720 

1,624 

2,160 

5,600 

i')510 

Temp . 

30 

46 

26 

50 

S2 

26 

64 

_ 

Day  . 

- - - - 

73 

74 

75 

76 

77 

78 

79 

Parasites  per  c.mm. 

6,624 

4,480 

5,760 

3,600 

5,760 

2.016 

M00 

Temp. 

34 

40 

50 

46 

54 

3°  | 

6c 

45i 


Guinea-pig  8 — continued. 


Day  . 

So 

81 

82 

83 

84 

85 

86 

Parasites  per  c.mm . 

6,600 

5,600 

8.400 

12,000 

4^0.32 

1,920 

2,304 

Temp . 

20 

24 

42 

36 

46 

76 

72 

Day  . 

87 

88 

89 

90 

9" 

92 

93 

Parasites  per  c.mm. 

2,184 

2,160 

3.920 

7,840 

4,608 

3,360 

5.040 

TemP . 

68 

69 

66 

64 

1 

64 

68 

7° 

Day  . 

94 

95 

96 

97 

98 

99 

too 

Parasites  per  c.mm. 

Temp . 

3-920 

84 

4,200 

64 

6.400 

.7° 

5,960 

62 

2,268 

60 

2,160 

64 

5,760 

62 

Day  . 

101 

102 

<03 

104 

105 

106 

107 

Parasites  per  c.mm . 

1  5,680 

r 

19,584  1 

9,792 

18,000 

36,960 

5.400 

9,600 

Temp . 

58 

56 

54 

7° 

74 

72 

66 

Day  . 

108 

109 

1 10 

1 1 1 

1 12 

"3 

114 

Parasites  per  c.mm . 

18,000 

17,920 

1 4,400 

16,000 

19,600 

8.640 

t  q.6So 

Temp . 

72 

•  74 

66 

7° 

76 

T- 

80 

Day  . 

M5 

1 16 

"7 

1 18 

119 

120 

I  2  I 

Parasites  per  c.mm . 

23,040 

5,600 

9,600 

10,240 

6,400 

12,800 

10,240 

Temp . 

64 

74 

70 

56 

76 

70 

452 


Guinea-pig  8 — continued. 


Day  . 

122 

123 

'24 

,25 

126 

127 

128 

Parasites  per  c.mm. 

. 

16,800 

9,600 

16,364 

25,088 

864 

7,200 

576 

Temp. 

70 

80 

74 

88 

74 

82 

74 

Day 

129 

00 

—  — 

- 

- 

Parasites  per  c.mm. 

900 

15,000 

Died 

— 

- 

Temp. 

86 

0 

— 

— 

Guinea-pig  9,  $. — Weight  529  grams  at  time  of  inoculation;  440  grams  at  death.  Dose  of 
inoculation  :  100,000  Trypanosomes.  Duration  of  life  96  days.  (H.B.F.) 


Day  . 

1 

2 

3  4 

5 

6 

Parasites  per  c.mm. 

4 

8 

Interval 

of  38  days 

Temp. 

3° 

24 

35 

vacation 

_ 

Day  . 

45 

46 

47 

48 

49 

50  5' 

Parasites  per  c.mm . 

28 

36 

84 

72 

228 

240  256 

Temp. 

32 

20 

3* 

24 

22 

!  25 

Day 

- - I 

52 

53 

54 

55 

56 

57 

I 

Parasites  per  c.mm . 

396 

1,820 

720 

i.35° 

1 

7s5°° 

7,840  '°.^c 

Temp . 

3° 

20 

20 

28 

38 

20  23 

Day 

_ I. . | 

59 

60 

6, 

62 

63 

64  65 

Parasites  per  c.mm. 

'5s  34° 

10,368 

r 

7.680 

8,064 

15,680 

16,800  1M00 

Temp. 

4' 

26 

38 

32 

32 

12  4° 

■ 


453 

Guinea-pig  9 — continued. 


Day  . 

66 

67 

68 

69 

70 

7' 

72 

Parasites  per  c.mm . 

31864 

7,920 

3,600 

i,7°o 

2,880 

5,840 

8,400 

Temp . 

30 

35 

30 

25 

30 

44 

Day  . 

73 

74 

75 

76 

77 

78 

79 

Parasites  per  c.mm . 

12,800 

9,600 

7,200 

3,000 

8,640 

9,200 

8,400 

Temp . 

4° 

30 

28 

40 

34 

36 

40 

Day  . 

80 

81 

82 

83 

84 

85 

86 

Parasites  per  c.mm . 

67,648 

59,860 

36,800 

27,000 

10,080 

5,880 

3,072 

Temp . 

3° 

20 

26 

42 

20 

70 

74 

Day  . 

87 

88 

89 

90 

91 

92 

93 

Parasites  per  c.mm . 

5,120 

7,840 

3,600 

6,272 

5,400 

6,720 

25,600 

Temp . . 

72 

70 

44 

56 

62 

70 

5 

- 

Day  . 

94 

95 

96 

— 

— 

- 

— 

Parasites  per  c.mm . 

14,400 

1 1,200 

42,000 

Died 

— 

— 

— 

Temp . 

26 

3° 

0 

— 

• 

Guinea-pig  10,  $. -Weight  495  grains  at  time  of  inocnianon  ;  ^^013  'oHifc'  " 

grams  at  death.  Dose  of  inoculation  :  two  million  Try  1  > 

147  days.  (H.B.F.) 

Day  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

— 

— 

— 

|  _ 

j  — 

Temp . 

5° 

45 

5° 

— 

454 


Guinea-pig  10 — continued. 


Day  . 

8 

9 

10 

11 

12 

>3 

M 

Parasites  per  c.mm . 

4 

° 

0 

52 

4 

4 

16 

Temp. 

56 

26 

46 

50 

40 

5° 

Day  . 

'5 

16 

•7 

18 

«9 

20 

21 

Parasites  per  c.mm . 

.  200 

16 

4 

4 

4 

12 

i  8 

Temp. 

34 

5° 

40 

3» 

26 

>3 

22 

Day 

22 

23 

24 

25 

26 

, 

28 

Parasites  per  c.mm . 

4 

56 

8 

4 

24 

4 

Temp . 

23 

44 

20 

24 

28 

20 

Day 

29 

3° 

3* 

32 

33 

34 

35 

Parasites  per  c.mm . 

4 

1 

4 

8 

4 

20 

20 

8 

Temp . 

27 

18 

5° 

5* 

20 

53 

4° 

Day 

36 

37 

38 

39 

40 

4' 

42 

Parasites  per  c.mm. 

4 

4 

16 

8 

— 

76 

s 

s 

Temp . 

36 

36 

3' 

34 

26 

34 

Day 

- - -  l 

43 

44 

45 

46 

4, 

48 

49 

Parasites  per  c.mm. 

0  I 

0 

0 

0 

24 

20 

480 

Temp. 

“*i 

34  j 

3° 

38 

34 

32 

26 

455 


bo 

*D- 

I 

« 

v 

.£ 

'3 

O 
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Guinea-pig  10 — continued. 


Day 

5° 

5' 

S* 

I 

53 

54 

Parasites  per  c.mm . 

t, 880 

416 

124 

368 

116 

Interval 

of  38  days' 

Temp. 

40 

34 

23 

32 

*5 

vacation 

Day 

93 

94 

95 

96 

97 

98 

99 

Parasites  per  c.mm. 

11,240 

9,216 

8,064 

46,180 

8,096 

7,920 

6,192 

Temp. 

34 

44 

3° 

32 

34 

42 

Day 

too 

tot 

102 

103 

104 

105 

106 

Parasites  per  c.mm . 

4,864 

3.300 

2,000 

— 

4.576 

9,240 

18,200 

12480 

Temp. 

34 

46 

30 

32 

51 

3' 

Day  . 

107  | 

108 

109 

1  to 

III 

M2 

113 

— — - 

Parasites  per  c.mm . 

14,400 

3,  '68 

3.840 

1 2,800 

18,600 

6,l6o 

3.92C 

Temp. 

20 

5° 

42 

60 

5° 

52 

Day 

1  *4 

1  *5 

I  l6 

1 17 

118 

"9 

120 

Parasites  per  c.mm . 

4.536 

5.040 

6.912 

6,000 

19,200 

12,000 

7,020 

Temp . 

So 

32 

25 

48 

35 

22 

Day  . 

•23 

124 

125 

126 

127 

Parasites  per  c.mm . 

3.520 

5,600 

2,688 

6,400 

— - 

5.040 

5.728 

32.0CC 

Temp. 

40 

30 

44 

38 

36 

40 

4° 

457 


Guinea-pig  10 — continued. 


Day  . 

128 

129 

130 

131 

•32 

•33 

•34 

Parasites  per  c.mm . 

66,000 

24,500 

10,000 

5,040 

1,008 

3,600 

3,888 

Temp . 

30 

22 

4° 

33 

54 

44 

63 

Day  . 

•35 

•  36 

- 

•38 

•39 

140 

141 

Parasite*  per  c.mm . 

7,680 

5,760 

24,000 

5,760 

7,680 

19,440 

1 1,880 

Temp . 

44 

70 

44 

70 

78 

72 

96 

Day  . 

...  142 

•43 

•44 

' 

•45 

146 

•47 

Parasite*  per  c.mm. 

...  6,480 

4,860 

2,268 

3,888 

4,480 

28,880  Died 

Temp . 

...  80 

76 

3° 

52 

•4 

O 

The  graph  of  Guinea-pig  10  is  represented  in  Chart  7. 


The  incubation  period  in  the  case  of  guinea-pigs  varies  so 
in  both  strains  that  it  is  impossible  to  draw  any  definite  cone  usio 
therefrom. 

The  duration  of  life  of  guinea-pigs  inoculated  with  t  e 
Rhodesian  strain  was  shorter  than  in  those  similarly  mocu  a  e 
T.  gambiense  (old  laboratory  strain);  thus,  the  average 
guinea-pigs  inoculated  with  T.  rhodesiense  was  59  ays,  w 
life  of  guinea-pigs  inoculated  with  T .  gambiense  averaged  y  • 

There  is  a  tendency  for  the  period  between  the  crests  of  the 
waves  in  the  graphs  of  guinea-pigs  to  be  slig  t  y  grea 
case  of  7'.  gambiense  than  in  the  case  of  7  .  rho(  esiense 


Chart  ‘  Daily .Counts  of  the  Parasite*  in  the  Peripheral  Blood  of  a  Rabbit  inoculated  with  T.  rbod'siense.  Periodic  Variation. 


ENUMERATIONS  IN  RABBITS 


Two  rabbits  were  inoculated  with  T.  rhodesiense  and  the  course 
of  the  infection  was  followed  in  them,  the  same  methods  being 
employed  as  in  previous  cases.  We  append  tables:  — 

T .  rhodesiense 


Rabbit  i.— Grev  and  white.  Dose  of  inoculation  :  600,000  Trypanosomes,  intraperitoneally. 

(J.G.T.) 


Day  . 

1 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm. 

— 

— 

— 

— 

Day  . 

8 

9 

10 

II 

12 

13 

14 

Parasites  per  c.mm . 

— 

— 

2 

4 

1 

6 

8 

Day  . 

■5 

16 

>7 

18 

19 

20 

21 

Parasites  per  c.mm . 

32 

168 

200 

360 

*,5°° 

2,184 

i, 008 

Day  . 

22 

23 

24 

25 

26 

27 

28 

Parasites  per  c.mm . 

— 

460 

672 

2,200 

7,960 

2,944 

2,880 

3,36o 

Day  . 

29 

— 

— 

— 

— 

- 

— 

Parasites  per  c.mm . 

35,200 

Died 

— 

— 

— 

— 

The  graph  of  Rabbit  1  is  shown  in  Chart  8. 
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Rabbit  2. — Grey.  Dose  of  inoculation  :  600,000  Trypanosomes,  intraperitoneally. 

(J.G.T.) 


Day 

1  2 

3 

* 

4 

5 

6 

7 

Parasite*  per  c.mm. 

1 - 

— 

- 

- 

Day  . 

8 

9 

10 

11 

12 

'3 

4 

Parasites  per  c.mm. 

- 

— 

2 

8 

12 

48 

2 

Day  . 

*5 

16 

*7 

18 

19 

20  21 

Parasites  per  c.mm . 

>5 

1 

4 

20 

100 

160 

420 

_ 

Day  . 

22 

23 

24 

— 

- 

- 

- 

Parasites  per  c.mm . j 

1,776 

2,320 

2,184 

Died 

- 

- 

- 

COMPARISON  OF  THE  EFFECTS  OF  THE  TRYPANOSOMES 
ON  THE  VARIOUS  HOSTS 

In  guinea-pigs  the  disease  tended  to  run  a  more  chronic  couise 
than  in  rats,  as  shown  by  the  fact  that  the  animals  lived  much 
longer.  The  periods  between  the  crests  of  the  waves  in  both  strains 
in  guinea-pigs  were  longer  than  in  rats,  namely  five  to  eight  days  m 
most  cases.  Further,  in  guinea-pigs  the  initial  rise  is  slower— a 
staircase  ’  effect  taking  place  and  leading  to  the  chronic  condition 
(see  Charts  4,  5). 

Some  of  the  guinea-pigs  when  the  disease  became  chronn 
showed  an  alternation  of  high  and  low  rises,  which  simulate 
remarkably  the  graph  of  the  parasites  of  the  patient  W-A.  :.5ec 
R.  Ross  and  D.  Thomson  (1910)*  ). 

In  the  two  rabbits  used  it  was  remarkable  that  these  were  the 
■>nly  animals  that  exhibited  an  affection  of  the  eyes  and  skin.  ^ 


*  Proc.  Roy.  Soc.,  B,  Vol.  LXXX1I,  p.  413. 


white  purulent  discharge  occurred  from  the  eyes  in  both  rabbits 
about  the  seventh  day  after  inoculation.  Simultaneously  with  this 
affection  of  the  eyes  the  skin  at  the  roots  of  the  ears  became 
encrusted  with  scabs.  Both  rabbits  became  drowsy  early  in  the 
disease,  and  remained  so  until  death.  Although  the  incubation 
period  in  the  case  of  rabbits  was  long  (nine  days),  yet  the  animals 
early  succumbed  to  the  effects  of  the  disease,  in  spite  of  the  fact 
that  the  trypanosomes  were  never  very  numerous  in  the  peripheral 
blood. 

Rats  also  showed  drowsiness  during  the  latter  hall  of  the 
infection,  while  guinea-pigs  continued  to  be  lively  and  to  take  food 
well  until  a  day  or  so  before  death,  when  in  some  cases  drowsiness 
ensued. 

In  our  experiments  we  did  not  observe  any  marked  relation 
between  the  colour  of  the  animal  inoculated  and  the  duration  of 
infection  in  that  animal.  (It  is  sometimes  thought  that  white  rats 
are  less  resistant  than  piebald.) 

In  passing  it  may  be  noted,  as  has  been  done  before,  that  the 
temperature  of  the  host  tended  to  rise  with  increase  in  the  number 
of  trypanosomes  in  the  peripheral  blood. 


EXPLANATION  OF  THE  PERIODIC  INCREASE  AND  DEC 
IN  THE  NUMBERS  OF  TRYPANOSOMES  IN  THE 
PERIPHERAL  BLOOD  OF  THE  HOST 


We  believe  that  periodic  increase  and  decrease  of  the  num 
of  trypanosomes  in  the  peripheral  blood  of  the  host  is  a  natui 
phenomenon,  resulting  from  the  reaction  of  the  host  and  paiasite  on 


each  other. 

The  parasites  increase  by  longitudinal  division  until  a  max 
is  reached  when,  unfavourable  conditions  arising,  the  formati 
rounded,  latent,  non- flagellate  bodies  occurs,  especia  y  in 
internal  organs  of  the  host  where  they  collect  in  the  sp  ee 
bone  marrow  during  the  period  of  decrease  of  flage  ates 
peripheral  blood.  These  rounded  bodies,  or  at  least  some 
become  flagellate  trypanosomes  when  the  parasites  regm 
in  numbers  again  (see  Fantham  (1911^  -  _ 


tProc.  Rov.  Soc..  B,  Vol.  LX  Will.  pp.  21  2-227.  and  Ann.  I  r"P 
PP-  465-485. 
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The  slight  fluctuations  in  the  periodicity,  namely,  the  variations 
in  the  time-intervals  between  the  crests  of  the  waves,  can  be 
explained  by  the  fact  that  the  resistance  of  the  animal  varies  from 
time  to  time.  Again,  we  might  note  that  the  rat,  the  guinea-pig, 
and  the  rabbit  are  not  the  natural  hosts  of  the  parasites  of 
sleeping  sickness. 

We  should  also  note  that  the  strains  with  which  we  have  been 
dealing  are  very  virulent,  as  judged  by  the  records  of  Thomas  and 
Linton  (1904),*  Moore  and  Breinl  (1907),  and  others,  whose 
inoculated  animals  lived  much  longer  than  ours.  In  less  virulent 
strains  the  time-intervals  between  the  crests  of  the  waves  in  the 
graphs  might  tend  to  be  longer. 

The  periodic  variation  or  oscillation  that  we  have  described  is  of 
practical  importance  in  the  administration  of  drugs  to  eliminate 
trypanosomes  in  a  host.  If  the  drug  be  administered  on  the 
downward  slope  of  the  curve,  the  fall  in  numbers  of  trypanosomes 
is  not  due  to  the  drug  alone.  But  if  the  drug  be  administered  on 
the  upward  slope  of  the  curve,  while  the  parasites  are  increasing  in 
numbers,  and  yet  a  reduction  in  numbers  of  the  parasites  is 
brought  about,  then  the  drug  may  legitimately  be  inferred  to  be 
efficacious. 

SUMMARY 

>•  In  these  investigations  two  strains  of  trypanosomes  were 
used,  namely,  (a)  T.  rhodesiense  (Stephens  and  Fantham)  derived 
from  a  patient,  W.A.,  suffering  from  sleeping  sickness  contracted 
m  Rhodesia,  and  (/?)  T.  gambiense,  an  old  laboratory  strain. 

Of  these  two  strains  the  Rhodesian  was  the  more  virulent, 
as  judged  by  sub-inoculations  in  rats,  guinea-pigs  and  rabbits,  for 
the  duration  of  life  of  animals  inoculated  with  the  Rhodesian  strain 
was  shorter  than  in  those  inoculated  with  T.  gambiense. 

Stephens  and  Fantham  (1910)  have  already  pointed  out  a 
distinct  morphological  peculiarity  in  T.  rhodesiense  in  the  presence 
°t  a  posterior  nucleus  in  some  of  the  stout  forms. 

3-  Enumeration  of  trypanosomes  in  the  peripheral  blood  of 
•ats,  guinea-pigs  and  rabbits  inoculated  with  each  of  these  strains 

*  I.ancct,  May  ,4,  IQ04j  pp.  ,337.^ 
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reveals  remarkable  variations  or  oscillations  in  the  numbers  of  the 
parasites  from  day  to  day,  the  variations  being  of  the  nature  of  a 
periodic  increase  and  decrease  at  more  or  less  regular  intervals. 

4.  The  periodicity  is  to  be  explained  by  (a)  variations  in 
resistance  on  the  part  of  the  host,  probably  due  to  the  formation 
of  anti-bodies,  accompanied  by  (£)  the  formation  on  the  part  of  the 
trypanosomes  of  rounded,  latent,  non-flagellate  (relatively  resistant) 
forms  in  the  internal  organs  of  the  host  during  the  fall  in  numbers 
of  the  flagellate  parasites  in  the  peripheral  blood. 

There  is  a  life-cycle  of  trypanosomes  in  the  Vertebrate  host, 
in  addition  to  stages  of  the  parasite  in  the  Invertebrate  carrier  (for 
example,  Glossind). 
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INTRODUCTION 

The  researches  recorded  in  this  paper  were  undertaken  at  the 
suggestion  of  Major  Ross,  who  wished  me  to  investigate  tie 
parasitological  aspect  of  the  numerical  cyclical  developmen 
discovered  by  him  and  Dr.  D.  1  homson  (1910)  *n  ^ie  trypanoso 
occurring  in  a  patient  suffering  from  sleeping  sickness  contrac  e 
in  Rhodesia,  particularly  as  regards  the  possible  connection  o  e 
latent  bodies  of  Salvin-Moore  and  Breinl  (i9°7)  *  a  ^  . 

lhe  investigations  have  been  conducted  in  the  Liverpoo  c 
l'ropical  Medicine,  under  a  grant  from  the  Tiopica 
Research  Fund.  _ _ _ _ 

•Read  before  the  Royal  Society  on  December  S.  i9IO>  and  rePr,ntcd  from  ° 

HAol.  LXXXIII,  pp.  212-227. 
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A  complete  and  generally  accepted  life  cycle  of  Trypanosoma 
gambiense  has  yet  to  be  written.  The  following  paper  is  offered 
as  a  contribution  to  the  solution  of  this  difficult  problem,  and  deals 
with  that  portion  of  the  life  history  of  the  parasite  which  takes 
place  in  a  vertebrate  host. 

1  he  sub-inoculations  in  animals — rats  and  guinea-pigs— recorded 
herein  were  made  from  a  patient  suffering  from  Rhodesian  sleeping 
sickness  in  Professor  Ross’s  clinic  in  the  Royal  Southern  Hospital, 
Liverpool.  I  he  trypanosome  from  this  source  showed  a  marked 
morphological  feature  in  the  possession  of  a  posterior  nucleus  in 
some  forms,  and  for  this  parasite  the  name  T.  rhodesiense  has  been 
suggested  by  Stephens  and  Fantham  (1910).  A  laboratory  strain 

T .  gambiense  was  also  used  in  these  investigations  for 
comparison. 

Special  attention  has  been  paid  to  the  observation  of  the  living 
parasite,  as  well  as  to  stained  preparations. 

METHODS 

1  tesh  preparations  of  1 .  gambiense  and  T .  rhodesiense  were 

made  from  blood  taken  aseptically  from  animals,  namely,  tame  rats 

'inti  guinea-pigs.  1  he  blood  was  kept  in  sealed  cover-slip 

preparations,  at  or  below  blood  heat  (250  to  37°C.),  and  also  at 

laboratory  temperature.  1  he  blood  was  sometimes  diluted  with 

a  little  physiological  salt  solution  or  with  a  little  isotonic  sodium 

t  ate  solution.  Methylene  blue  was  sometimes  used  for  intra  vitivn 
staining. 

Wet  pieparations  oi  the  parasite  were  made  on  cover-slips  after 

,  .  j.l0n  osmic  acid  vapour  or  corrosive  acetic  alcohol.  The 

(D  16  stnins  used  were  iron  haematoxylin  and  those  of  Giemsa  and 
Komanowsky. 

°ry  smears  were  employed  for  rough  work. 

In  animals  killed  at  certain  stages  of  infection,  the  various 
in  erna  organs  were  carefully  examined  both  in  fresh  preparations 
and  stained  smears. 

enumerative  methods  used  were  those  recently  employed  by 
f  -  and  Thomson  and  used  by  various  workers  in 

,’V7P°°  ’  bemg  an  e,aboratlon  of  R.  Ross’s  thick-film  method 
measuied  quantities  of  blood  (1  cubic  millimetre  divided 
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into  quarters  .  T  he  films  were  dehaemoglobinised,  fixed  in  absolute 
alcohol,  and  stained  by  the  Romanowsky  method. 


RESUME  OF  PREVIOUS  WORK  ON  LATENT  BODIES 
OF  TRYPANOSOMES 

The  various  flagellate  forms  of  1  rypauosoma  gambiense  have 
been  so  often  described  by  many  competent  workers  that  it  is 
needless  to  discuss  them  further  in  detail.  Suffice  it  to  say  that, 
long,  thin  trypanosomes  may  occur,  especially  at  the  beginning  of 
infection  in  rats  and  guinea-pigs,  and  shorter,  stout  or  stumpy 
forms  later.  Trypanosomes  intermediate  in  character  also  are 
found. 

The  so-called  rounded,  latent  or  encysted  forms,  which  are 
non-flagellate,  must  be  discussed  in  greater  detail.  Marked 
attention  to  these  non-flagellate  forms  of  trypanosome  was  first 
drawn  by  Moore  and  Brcinl  (190/-8)  in  mammalian  trypanosomes, 
though  Dutton  saw  rounded  forms  of  an  amphibian  trypanosome 
on  the  Congo  in  1903-5.  Moore  and  Breinl  (i9°7)>  working  on 
stained  material,  stated  that  latent  forms  occurred  in  the  internal 
organs,  especially  during  the  periods  when  the  flagellates  weu 
decreasing  or  absent  from  the  peripheral  blood  of  the  host.  These 
authors  give  a  curve  showing  the  variations  in  the  numbers  o 
T.  gambiense  in  infected  rats;  they  do  not,  however,  give  any 
numerical  data  in  support  of  the  graph.  A  few  other  workers 
mentioned  rounded  bodies  in  connection  with  trypanosomes,  amor 
whom  Hindle  (1909)  may  be  noted.  1  he  significance  of  t  e  aten 
bodies  is  still  a  disputed  point,  and  it  was  leccntly'  state  1 
review  that  more  ev  idence  was  required  to  show  that  they  constitu  e 
part  of  a  life-cycle  in  the  vertebrate  host.  *  .  , 

In  the  present  paper  the  general  statements  of  Moore  an  ’ 

regarding  forms  of  T.  gambiense  in  the  internal  organs  o  ra  ^ 
are  shown  to  be  accurate,  and  many  details,  as  seen  in  t  le 
parasite,  as  well  as  numerical  data  from  daily  counts  0 
trypanosomes,  are  supplied  in  proof  of  the  significance  o  ^ 
bodies.  Animals  moculated  with  T.  r/.odesiense  (Stephens  and 
Fantham)  have  also  been  carefully'  investigated. 


:  S.S.  Bureau,  Bulletin  No.  15  (March,  p-  io2- 
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THE  RELATION  BETWEEN  LATENT  BODIES  AND  THE  NUMBER 
OF  TRYPANOSOMES  IN  THE  PERIPHERAL  BLOOD,  WITH 
NOTES  ON  THE  PARASITES  FOUND  IN  THE 
INTERNAL  ORGANS  OF  THE  HOSTS 


Following  on  the  work  of  R.  Ross  and  D.  Thomson  (1910)011 
the  enumeration  of  the  parasites  in  the  peripheral  blood  of  a  patient 
suffering  from  Rhodesian  sleeping  sickness,  the  periodic  increase 
in  the  number  of  trypanosomes  in  the  peripheral  blood  of  rats  and 
guinea-pigs  inoculated  with  T .  rhodesiense  or  with  T.  gambiensc 
has  recently  been  found  by  Fantham  and  J.  G.  Thomson. 

Rats  similarly  inoculated  and  exhibiting  such  periodic  increase 
and  decrease  were  killed  at  various  points  in  the  cycle,  as  set  forth 
in  the  following  tables:  — 


A.  Rat  i. — T.  gambiense,  Laboratory  Strain,  in  Piebald  d  Rat- 
weight  150  grams,  inoculated  with  50,000  trypanosomes. 


Day  .  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm . 

_ 

_ 

_ 

4 

Temp.*  .  ...  . 

55 

46 

7° 

62 

57 

ic8S 


Day 

9 

10 

1 1 

12 

13 

14 

15 

Parasites  per  c.mm . 

Temp.* 

- - L_ . 

4392 

60 

868 

68 

1656 

44 

2560 

46 

9288 

57 

6304 

54 

4.36.  killed 

61 

he  temperature  is  expressed  according  to  the  following  convention,  as  in  Major  Ro=i  = 
recent  papers  on  Malaria  ’  and  *  Trypanosomiasis  ’  Temp.  -  (F  —  95)  X  10,  where  F  is  the 
emperature  in  egrees  Fahrenheit,  recorded  with  a  clinical  thermometer. 


Heart  blood  of  Rat  i  examined  fresh ,  immediately  utter 
hilling.— A  few  living  trypanosomes  seen  and  some  (fewer)  rounded 
forms. 

Spleen.  Very  large;  three  to  seven  rounded  forms  seen  in  even 
held  of  the  microscope  (2  mm.  objective  and  2  ocular);  no  flagellates 
seen  in  fresh  preparation. 

fii()  and  portal  blood. — Living  flagellates  and  rounded  bodies 
Seen  1,1  about  equal  numbers  (one  of  each  per  field). 


46q 


Lungs. — A  few  living  flagellates  seen,  four  times  as  many 
rounding  and  rounded  bodies  seen  [ioo  parasites  counted  in  this 
and  subsequent  fresh  preparations,  when  possible]. 

Bone  marrow. — Many  rounded  bodies. 


Rat  2. — T.  gambiense ,  Laboratory  Strain,  in  White  $  Rat,  weight 
128  grams,  inoculated  with  200,000  trypanosomes. 


Day  . 

t 

- 

3 

4 

5 

6 

7 

Parasites  per  c.mm. 

Temp . 

3S 

40 

45 

4 

5° 

684 

54 

3640 

60 

Day  . 

S 

9 

IO 

1 1 

12 

Parasites  per  c.mm . 

Temp . 

7392 

55 

10,000 

58 

6320 

44 

1840 

46 

2200,  killed 

48 

The  internal  organs  of  Rat  2  were  in  much  the  same  condition 
as  in  Rat  1  ;  further  details  are  superfluous. 

R.  Rat  3 .—T.  rhodesiense  in  Piebald  Rat,  9,  weight  108  grams. 


inoculated  with  350,000  trypanosomes. 


Day  . 

1 

2 

3 

4 

5 

6 

Parasites  per  c.mm.  . 

Temp . 

22 

20 

172 

20 

18,160 

40 

42,120 

56 

3i,040 

36 

Day  . 

7 

8 

9 

10 

Parsites  per  c.mm.  . 

Temp.  . 

21,600 

20 

12,844 

21 

1 30,000 

15 

61,440,  killed 

«4 

Heart  blood,  fresh,  of  Rat  3.— Free  trypanosomes  seen. 
Spleen. — Many  rounded  bodies;  no  free  trypanosomes  seen. 
Liver. — A  few  free  trypanosomes  seen. 

Lungs. — About  equal  numbers  of  flagellates  and  rounde 
Bone  marrow. — Rounded  bodies. 
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Rat  4.  —  T.  rhodesiense  in  White  Rat,  J,  weight  120  grams, 
inoculated  with  600,000  trypanosomes. 


Day  ...  ...  . 

1 

2  ^ 

4 

5  6 

Parasites  per  c.mm.  ...  . 

— 

4 

896 

2880  31,360 

Temp.  ...  ...  . 

20  25 

38 

5°  5° 

bay  . 

7 

8  .9 

to 

n 

Parasites  per  c.mm.  ...  . 

51,200 

64,000  22.820 

12,500 

6144.  killed 

Temp.  ...  ...  .  . 

48 

47  ‘3 

20 

3' 

Heart  and.  liver  of  Rat  4. — Many  large  trypanosomes  seen  in 
Iresh  preparations,  very  few  rounded  bodies. 

Lungs. — A  few  free  flagellates,  three  times  as  many  rounded 


forms. 

Spleen. — A  few  small  flagellate  trypanosomes  (3  per  cent.  ; 
many  rounded  forms. 

Kidney  blood. — Flagellate  trypanosomes. 

Bone  marrow. — Rounded  bodies. 


Rat  5. — 7.  rhodesiense  in  White  Rat,  $,  weight  247  grams, 
inoculated  with  120,000  trypanosomes. 


Day 

1 

2 

3 

4 

1  5  :  « 

Parasites  per  c.mm.  . 

Temp.  . 

— 

— 

52 

38 

4  12 

34  9« 

bay 

7 

8 

9 

10 

Parasites  per  c.mm. 

Temp. 

* 

- n - - - - -  1 

20 

86 

296 

86 

624 

20 

3744.  killed 

66 

agellate  trypanosomes  were  seen  in  all  the  internal  organs  ot 

‘lt  5-  A  few  latent  bodies  were  seen  in  the  lungs,  spleen,  and 
bone  marrow. 
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Rat  6^-T.  rhodesiense  in  White  Rat,  (5,  weight  150  grams, 
inoculated  with  500,000  trypanosomes. 


Day . 

I 

2 

3 

4 

5 

6 

7  ,  8 

9 

Parasites  per  c.mm. 

— 

— 

— 

— 

72 

2056 

1  968  6420 

592,  killed 

Temp . 

38 

36 

S' 

56 

54 

70 

70  62 

54 

Heart  blood,  fresh,  of  Rat  6. — Flagellate  parasites  seen,  only 
three  latent  bodies  found  in  a  fresh  preparation. 

Liver. — Flagellates  96,  and  latent  bodies  4;  in  one  hour, 
however,  the  number  of  latent  bodies  in  the  fresh  preparation  had 
increased  16  times  (namely  to  64),  and  the  flagellates  were 
correspondingly  fewer. 

Lungs. — About  equal  numbers  of  trypanosomes  and  latent 
bodies. 

Spleen. — Many  latent  bodies,  no  free  flagellates  seen. 

Bone  marrow. — A  few  latent  bodies,  no  flagellates  seen. 


Rat  7. — T.  rhodesiense  in  Piebald  Rat,  $,  weight  170  grams, 
inoculated  with  r, 000, 000  trypanosomes.  Weight  182  grams 
at  death,  but  pregnant. 


Day  . 

1 

2 

3 

4 

5 

6 

Parasites  per  c.mm . 

_ 

8 

5852 

27,916 

16,468,  killed 

Temp.  . 

38 

62 

55 

67 

66 

Heart  blood  of  Rat  7.— Many  flagellates,  few  rounded  bodies. 
Liver. — Equal  numbers  of  flagellates  and  rounded  bodies. 

Lungs. — Three  times  as  many  latent  bodies  as  flagellates. 

Bone  marrow. — Large  rounded  bodies. 

Spleen. — No  flagellates  seen,  but  many  rounded  bodies. 

Splenic  vein  blood.— Twice  as  many  flagellates  as  rounded 
bodies. 

Mesenteric  gland  fluid. — Many  flagellates. 

Lymph. — Rounded  bodies  and  Crithidia-like  forms. 
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Placental  blood. — Living  flagellates,  few  rounded  bodies. 

Thirteen  embryos. — Serous  fluid  contained  a  very  few 
trypanosomes. 

Embryonic  liver. — No  flagellate  trypanosomes  seen. 

From  counts  of  the  number  of  trypanosomes  in  the  peripheral 
blood  daily,  and  from  examination  of  carefully  prepared  smears  of 
organs,  it  is  found  that  latent  bodies  are  most  numerous  when  the 
flagellate  parasites  are  few.  If  inoculated  animals  be  killed  at 
these  periods,  very  few  flagellate  trypanosomes  are  found  in  the 
spleen  and  bone  marrow  (see  preceding  tables),  but  many  latent 
bodies  are  present  in  those  organs,  while  rounding  forms  are  seen 
especially  in  the  lungs. 

In  the  peripheral  blood,  on  the  upward  slope  of  the  curve 
representing  the  numbers  of  the  parasites  from  day  to  day,  the 
parasites  increase  in  numbers  by  longitudinal  division  to  a 
maximum.  At  or  about  this  period  the  formation  of  rounded  or 
latent  bodies  begins,  and  takes  place  especially  in  the  internal 
organs. 

If  rounded  (latent)  bodies,  derived  from  the  internal  organs  ol 
an  infected  rat,  be  placed  in  warm  fresh  blood  drawn  from  a 
normal,  uninfected  rat,  then  growth  of  some  of  the  rounded  bodies 
towards  the  flagellate  trypaniform  stage  can  be  seen  under  the 
microscope,  as  is  detailed  in  a  subsequent  section  of  this  paper. 

Fiv  e  guinea-pigs  (three  inoculated  with  T.  rhodesiense  and  two 
with  T.  gambiense ),  dying  in  various  stages  of  trypanosomiasis, 
wcie  carefully  examined,  and  fresh  preparations  and  smears  ol 
their  internal  organs  were  made.  Rounding  and  rounded 
forms  of  try’panosomes  were  seen,  just  as  in  infected  rats. 

Needless  to  say,  a  very'  careful  examination  of  the  internal 
organs  of  normal  (uninfected)  rats  and  guinea-pigs  was  made  for 
the  purposes  of  comparison  and  control. 


the  formation  of  latent  bodies  from 
FLAGELLATE  TRYPANOSOMES 

I  his  is  diagrammatical ly  represented  in  text-fig.  i,  in  which 
1 01  niation  of  a  rounded  body'  from  a  living  trypanosome  was 
reived  under  the  microscope  in  a  drop  of  blood  and  lymph  from 
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the  tail  of  an  infected  rat.  The  time  taken  for  the  formation  of 
the  rounded  bod}-  was  thirty  minutes. 


A' 


?*7 

ext-fig.  i  represents  diagrammatically  the  formation  of  a  latent .^croccope^^n  a  warm  stage, 
panmma  gambUnsc  in  infected  rat’s  blood  as  seen  under  the  m.croscope, 

during  a  period  of  30  minutes.  _ 

he  intervals  were  3,  8,  15,  20,  23,  25,  and  30  minutes  respectively  from  the  commenc 
change  of  form  of  the  parasite.  Intranuclear  karyosomc  not  rcpresci 

In  this  process  the  anterior  or  flagellar  end  disintegrates  • 

ast  off,  while  at  the  other  end  the  blepharoplast  (kineton 
gradually  migrates  nearer  the  nucleus,  and  then  ^he  ”°”"£y^r ^ith 
>osterior  end  of  the  original  trypanosome  is  cast  o  ,  . 

he  remains  of  the  flagellum.  The  rounded  body,  cons*  "f 
hromatin  with  a  thin  layer  of  cytoplasm,  has  then  surroun 
vith  a  definite,  very  thin  capsule  (‘  cyst  ’)•  Thls  pro“SS’  •  of 

>nder  the  microscope,  is  either  the  natural  mode  o  °^  •  tes 

ion-flagellate  bodies  in  the  internal  organs  or  close  >  ap 


thereto,  as  intermediate  stages  exactly  similar  in  the  formation  of 
these  bodies  are  seen  in  stained  preparations  of  the  heart,  lungs, 
and  spleen  (Plate  XXVII,  figs.  1-5). 

However,  in  the  peripheral  blood  there  occur  rounded,  oval  or 
somewhat  pyriform  parasites  (figs.  17-20),  each  with  a  single 
anterior  flagellum.  Such  forms  may,  for  convenience,  be  called 
rounding  herpetomonad  forms,  as  Herpetomotias  passes  through 
similar  stages  in  assuming  a  rounded  non-flagellate  form.  The 
rounded  stages  of  Herpetomotias ,  thus  formed,  have  been  aptly 
termed  post-flagellate  stages  by  Captain  Patton  and  by  Dr.  Annie 
Porter  in  their  recent  interesting  researches  on  flagellates  {Crithidw 
and  Herpetomotias').  The  rounded,  encapsuled  stages  of 
trypanosomes  are  post-flagellate  stages.  That  these  rounded, 
post-flagellate  forms  are  encapsuled  in  a  thin  membranous  structure 
is  shown  by  the  fact  that  they  resist  maceration  in  water  much 
longer  than  the  trypaniform  flagellates. 

1  he  formation  of  post-flagellate  bodies  (figs.  2,  3,  5)  is  well 
seen  in  the  lungs,  whence  they  find  their  way  in  the  blood  stream  to 
the  spleen  and  bone  marrow. 

THE  STRUCTURE  OF  LATENT  BODIES 

I  he  post-flagellate  (latent)  stages  of  T.  gambietise  and  T- 
rhodesiense ,  already  mentioned,  have  a  relatively  simple  structure. 
1  he  strictly  latent  or  non-flagellate  forms  are  usually  oval  in 
outline,  and  small,  about  2  //  to  4  //  in  diameter  (figs.  2-16).  Less 
frequently  are  they  quite  rounded  or  spherical  (fig.  w^' 
sometimes  they  are  pyriform  (figs.  25,  27,  29,  30).  Internally  there 
is  a  nucleus,  which  may  show  a  karyosome,  and  beside  the  nucleus 
thcio  is  a  blepharoplast  or  kinetonucleus  (fig.  6).  In  some  later: 
bodies,  especially  the  smallest  ones,  the  kinetonucleus  may  not  be 
visible  separately  (figs.  1 1 ,  13-1 5),  as  it  may  be  lying  over  the  nucleus, 
"i  actually  affixed  thereto  (figs.  2,  10).  The  juxtaposition  of  the 
nuclear  bodies  has  been  actually  observed  in  some  Romanowsky- 
stained  specimens,  after  careful  wet  fixation  (figs.  2,  10).  The 
lelative  positions  of  the  nucleus  and  blepharoplast  in  rounding  or 
rounded  bodies  may  vary  considerably.  A  small  quantity  of 
cytoplasm  occurs  in  the  latent  bodies. 
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In  the  formation  of  rounded,  latent  bodies,  as  seen  in  vitro ,  a 
portion  of  the  body  of  the  flagellate,  after  passage  of  the 
blepharoplast  towards  the  nucleus,  is  thrown  off,  and  the  flagellum 
is  discarded  (text-fig.  i)-  Examination  of  preparations  of  the 
internal  organs  (lungs,  heart,  spleen)  of  the  host  shows  that  a 
similar  method  of  formation  of  the  post-flagellate  stages  of  the 
parasite  usually  occurs  in  the  internal  organs  (figs.  1-5).  However, 
in  the  peripheral  blood,  after  careful  searching  of  a  sufficient 
quantity  of  hlood  (]-  cubic  millimetre),  a  few  rounding  or  rounded 
parasites  can  generally  be  seen  (figs.  12,  17-20).  Also,  in  the 
internal  organs,  stages  of  the  parasite  intermediate  between  the 
flagellate  and  non- flagellate  forms  may  be  seen  (fig.  33)- 

The  post-flagellate  or  latent  bodies  vary  in  size  (figs.  2-16,  2 2  >. 
This  variation  is  due  to  two  causes  :  (ij  the  formation  of 
non-flagellate  parasites  from  trypanosomes  of  different  breadths, 
and  (2)  the  occasional  division  of  large  post-flagellate  forms  by 
binary  fission,  an  example  of  the  simplest  schizogony  (fig-  23,- 
This  fission,  so  far  as  my  researches  go,  is  infrequent  in  the  cast- 
of  T.  gambiense  and  T.  rhodesiense.  It  has  been  observed  that 
division  of  flagellate  trypanosomes  may  immediately  precede  the 
formation  of  latent  bodies. 


Broad  forms  of  T.  rhodesiense ,  with  posterior  nucleus,  may 
form  relatively  large  latent  bodies.  As  the  nucleus  is  at  or  near  t  ie 
posterior  (non- flagellar)  end  of  the  parasite,  there  is  little  o 
body  discarded  in  that  region  when  rounding  occurs.  The  ki  ne\ 
shape  of  the  nucleus  of  some  specimens  of  T.  rhodesiense.  is  seen 
in  their  latent  bodies  (fig.  27),  and  the  nucleus  lies  to  one 
the  rounding  body  (figs.  17,  18)-  ^  *s  not  easy,  however, 
differentiate  between  the  latent  bodies  of  7.  rhodesiense  an 
gambiense.  ,• 

Moore  and  Breinl  describe  a  stainable  band  01  0  ac< 

connecting  the  nucleus  and  blepharoplast  of  certain  speci 
7.  gambiense  at  or  near  the  maxima.  An  intei  action  ta ■  es  p 
between  the  blepharoplast  and  nucleus.  Aftei  this  tie 
of  latent  bodies  proceeds.  During  the  researches  now  recoi '  ’ 

there  was  no  good  evidence  found  in  support  of  Moore  ai 
views.  The  stainable  band  was  seen  in  some  stout  (probably  old) 
parasites,  and  in  parasites  at  periods  near  the  deat  1 


It  is  possible,  as  Swellengrebel  (1908)  suggested,  that  the  stainable 
line  is  a  form  of  degeneration.  However,  on  the  exact  significance 
of  the  stainable  band  seen  in  such  trypanosomes  I  prefer  not  to 
pronounce  a  definite  opinion  at  present. 

THE  METAMORPHOSIS  OF  LATENT  BODIES 
INTO  TRYPANOSOMES 

This  process  was  observed  in  life  on  several  occasions,  though 
the  complete  passage  from  a  rounded  body  to  a  fully  flagellate 
moving  trypanosome  was  only  rarely  seen  (three  times),  for  it  is 
difficult  to  imitate  precisely  the  natural  conditions  favourable  to 
such  a  metamorphosis.  However,  by  taking  rounded  bodies,  usually 
obtained  from  the  spleen  of  an  infected  rat,  in  a  little  physiological 
salt  solution,  and  adding  thereto  an  equal  quantity  of  fresh 
normal,  uninfected)  rat’s  blood,  some  of  the  rounded  bodies  were 
seen  on  a  warm  stage  (25°  to  3s0  C.)  to  grow,  each  becoming  larger 
and  sending  out  a  process  (text-fig.  2).  This  pseudopodium-like 
process  lengthens,  and  a  flagellum  is  formed  from  an  area  close  t( 


I  f  xi  ni,.  2  represents  diagrammatically  the  metamorphosis  of  a  rounded,  latent  or  non-flagdh1' 
,nto.  a  fl.age»ate  trypanosome  (T.  gambieme).  The  rounded  bodies,  obtained  fro® 
.  j  f  ,en  0  .an  tnfcctcd  rat,  were  placed  in  warm,  fresh,  uninfected  rat’s  blood  and  watt  -  - 
e  nllcr°scope.  7  lie  total  time  taken  for  the  metamorphosis  was  about  one  hour. 
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the  blepharoplast  (kinetonucleus, .  At  t  his  stage  the  parasite  forms 
at  its  drawn-out  anterior  end  an  undulating  membrane  along  the 
edge  of  which  the  flagellum  lies,  and  the  organism  somewhat 
resembles  a  Crithidia.  This  transitory  stage  may  be  termed  the 
crithidial  stage.  The  organism  grows  and  the  blepharoplast  passes 
posterior  to  the  nucleus,  and  the  trypaniform  stage  is  assumed. 

The  evidence  of  stained  preparations  (figs.  32  to  40)  fully 
supports  this  mode  of  formation  of  flagellate  trypanosomes  from 
non- flagellate  latent  bodies.  file  latent  bodies,  which  are  the 
post-flagellate  stages  ot  one  generation  of  trypanosomes,  become 
the  pre-flagellate  stages  of  the  succeeding  generation  of 
trypanosomes.  Such  prc-flagcllatc,  (  rithidia-like  parasites  in 
various  stages  ol  metamorphosis  may  be  seen  in  the  peripheral  blood 
of  the  host  (figs.  32,  34  to  42),  when  the  parasites  are  increasing  in 
numbers  therein. 

A  basal  granule  (blepharoplast  of  Minchin)  is  seen  at  the  base 
of  the  flagellum  of  some  stained  flagellating  parasites  (fig.  3/)- 

It  may  be  added  that  in  dealing  with  an  isolated  case  of  an 
intermediate  stage  of  a  parasite  between  the  flagellate  and  the 
rounded  body,  it  is  sometimes  difficult  to  determine  whether  the 
given  stage  is  pre-flagellate  or  post-flagellate,  that  is,  whethei  the 
given  parasite  is  proceeding  in  development  towards  the  flagellate 
stage  or  away  from  it  towards  the  rounded  bod)’. 

the  significance  of  the  non-flagellate  or  latent 

FORMS  OF  TRYPANOSOMES.  INOCULATION  WITH 
LATENT  BODIES  PRODUCES  TRYPANOSOMIASIS 

R.  Ross  and  13.  Thomson  (1910)  report  periodic  variations  m 
the  numbers  of  the  trypanosomes  found  in  the  blood  of  a  patient, 
W.  A.,  suffering  from  Rhodesian  Sleeping  Sickness.  Fantham  anc 
J-  G.  Thomson  (1910)  report  similar  periodic  \  ariation  in  tie 
number  of  the  parasites  in  the  peripheral  blood  of  sub  inocu  ate 
animals  (rats,  guinea-pigs,  and  rabbits).  During  the  P®rl°  s  ° 
decrease  of  the  parasites  in  the  peripheral  blood,  I  n  ia 
latent  (non- flagellate  bodies  arc  present  in  relatively lartoe  nu 
in  the  internal  organs  of  the  host.  1  he  latent  bodies  are  orme 
at  or  near  the  period  of  maximum  increase  of  the  trypanosomes 
the  peripheral  blood.  The  latent  bodies  are  especially  numerous 
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the  spleen  and  bone  marrow  on  the  downward  slope  of  the  curve 
representing  the  numbers  of  the  parasites  in  the  peripheral  blood  of 
the  host.  Change  of  the  latent  forms  into  trypanosomes  takes  place 
on  the  rise  or  upward  slope  of  the  curve. 

There  is,  of  course,  a  mutual  action  and  reaction  of  the  host  and 
the  parasite,  the  resistance  of  the  host  probably  being  greatest  when 
the  flagellate  trypanosomes  within  it  arc  beginning  to  decrease, thus 
helping  to  bring  about  the  assumption  of  the  rounded  form  by 
many  of  the  flagellates,  so  that  latent  or  resistant  non-flagellate 
stages  of  the  parasite  are  then  numerous. 

The  occurrence  of  latent  bodies  also  helps  to  explain  the 
successful  inoculation  of  animals  with  trypanosomiasis  when  no 
flagellates  can  be  found  in  the  blood  inoculated  from  a  previously 
infected  animal.  Although  it  might  be  urged  that  flagellate 
trypanosomes  in  numbers  too  few  to  recognise  may  actually  be 
present  in  the  infected  blood  inoculated,  yet  it  is  possible  to 
inoculate  only  latent,  non-flagellate  bodies,  and  give  the  inoculated 
animal  trypanosomiasis.  In  other  words,  persistent  infectivity  in 
the  case  of  trypanosomes  is  explained  by  rounded  bodies. 

I  have  performed  this  experiment  (inoculation  of  latent  bodies 
on  two  occasions.  In  the  first  experiment  a  rat  was  inoculated  with 
one  drop  of  spleen-pulp  (from  Rat  7)  mixed  with  a  little  sterile 
physiological  salt  solution,  the  mixture  containing  no  flagellates. 

I  he  inoculated  rat  developed  trypanosomiasis  on  the  6th  day,  dying 
on  the  1 2th  day.  The  daily  counts  of  this  rat  were  as  follows:  — 


Day  ...  ...  . 

1 

2 

3 

4 

5 

6 

7 

Parasites  per  c.mm.  ...  . 

— 

— 

— 

— 

- 

4 

86+ 

Day  ...  . 

8 

9 

10 

it 

12 

Parasites  per  c.mm.  ...  . 

2U)fi 

4308 

30.600 

10,000 

l 

_ 

Secondly,  a  further  experiment  was  tried,  since  it  was  considered 
that  the  parasites  in  one  drop  of  spleen-pulp  solution  might  be  too 
numerous  to  count  accurately,  and  that  a  few  flagellate 


479 


trypanosomes  might  be  contained  therein,  for  although  a  most  minute 
search  was  made  for  flagellates  in  the  fluid  before  inoculation, 
yet  a  very  few  flagellates  might  have  remained  undetected. 
Accordingly,  in  the  second  experiment,  i  cubic  millimetre  of  spleen- 
pulp  solution  in  sodium  citrate  was  inoculated  intraperitoneally. 
Careful  examination  of  samples  of  the  solution  used,  both  fresh 
and  stained,  showed  no  flagellate  trypanosomes,  but  many  rounded 
bodies.  The  actual  fluid  used  for  inoculation  also  showed  no 
flagellate  trypanosomes  when  microscopically  examined  fresh.  1  he 
rat  thus  inoculated  developed  trypanosomiasis,  parasites  being 
found  on  the  8th  day,  and  it  died  on  the  1 8th  day.  The  daily- 
counts  of  this  rat  are  appended  :  — 


Day  . 

I  2 

i  4 

5  6 

7 

8 

9  10 

j  1 

Parasites  per  c.mm.  ... 

... 

—  '  — 

“  |  ~ 

— 

4 

960  2800 

12,000 

Day  . 

1 2 

'3 

'4 

15  !  1  6 

■7 

18 

Parasites  per  c.mm.  ... 

49,200 

18,200 

6400 

2120  20,600 

50,240 

1 28.000 

The  two  rats  inoculated  with  non- flagellate,  latent  bodies  of 
T  fhodesiense  showed  incubation  periods  rather  longer  (5  to  7  days, 
than  usual  (2  to  4  days)  with  rats  inoculated  with  flagellate 
T.  fhodesiense. 

1  he  occurrence  of  non-flagcllate  bodies  in  the  life-cycle  of  the 
parasites  of  sleeping  sickness  also  explains  recurrence  o^ 
trypanosomiasis  after  it  has  apparently  died  out  in  an  infectec 
animal.  In  such  cases  the  latent  bodies  are  present  in  the  host 
the  while  in  such  organs  as  the  spleen  and  bone  manow . 

During  these  researches  it  lias  been  found  that  flage  ate 
trypanosomes  (500,000  to  2,000,000  in  number)  inoculated  mtc 
r<‘t  or  a  guinea-pig  can  be  detected  in  the  peripheral  blood  S*1C 
ln  1  cubic  millimetre  of  blood  :  of  the  host  for  some  ten  to  twe :  \  c 
hours,  or  even  eighteen  hours  after  inoculation.  During  an  a  er 
’his  period,  that  is,  during  the  incubation  period  of  the  pa 


460 


a  few  rounded  forms  of  trypanosomes  can  be  found  in  a  cubic 
millimetre  of  peripheral  blood. 

Biot  (1910)  writes  of  the  ‘revivifying  action’  of  physiological 
salt  solution  on  trypanosomes  (T.  lewis't ),  especially  in  fluid  from 
the  liver  of  a  rat  dead  six  and  a  half  days  (kept  in  the  cold, 
unopened).  Biot  does  not  explain  the  phenomenon.  However,  it  is 
capable  of  explanation,  for  in  the  liver  latent  bodies  of 
trypanosomes  are  present,  which,  under  the  relatively  favourable 
environment  of  isotonic  salt  solution,  flagellate  and  become  typical 
trypanosomes. 

In  the  treatment  of  trypanosomiasis  by  drugs,  careful  note  must 
be  taken  of  the  occurrence  of  rounded,  non-flagellate  or  latent  forms 
of  the  parasite.  A  drug  needs  to  be  found  which  will  either  prevent 
the  formation  of  rounded  (latent)  stages  or  disintegrate  those  latent 
bodies  already  formed.  In  this  connection  the  work  of  B.  Moore. 
Xicrenstein,  and  Todd*  on  the  combined  use  of  salts  of  mercury 
and  arsenic  should  be  considered. 

NOTE  ON  THE  DEGENERATION  OF  TRYPANOSOMES 

All  flagellate  trypanosomes  do  not  become  rounded  and  form 
latent,  non-flagellate  bodies,  but  some  of  them  degenerate  and  die. 

I  he  degeneration  may  take  v  arious  forms — some  become  (a) 
somewhat  irregular  and  almost  amoeboid  with  pale-staining 
cytoplasm  and  vacuoles  (figs.  44,  45),  others  (ft)  exhibit 

chromatolysis,  wherein  the  nucleus  becomes  poor  in  chromatin  and 
chromatoid  granules  occur  in  the  cytoplasm  (figs.  46-49)1  w^e 
others  (7)  exhibit  marked  vacuolation  (fig.  50).  Such  degenerating 
lorms  may  be  seen  in  various  internal  organs  of  the  host,  such  as 
the  lungs  and  spleen,  especially  during  the  period  of  formation  ot 
latent  bodies. 

It  is  also  very  probable  that  some  of  the  latent  bodies  themselves 
die  and  do  not  flagellate,  for  some  shrunken  latent  bodies,  with 
undifferentiated  contents,  can  be  seen  in  the  spleen. 


\nit.  1  roP-  »nd  P.irasitoL  '1907;.  Vol.  I.  pp.  275-284. 
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SUMMARY  AND  CONCLUSIONS 

1.  Non- flagellate  stages  of  trypanosomes,  such  as  T .  gambiense 
(Dutton)  and  T.  rhodesiense  (Stephens  and  Fantham),  occur. 

2.  These  non-fiagellate  stages  (‘  latent  bodies  ’  of  Moore  and 
Breinl)  are  especially  found  in  the  lungs,  spleen  and  bone  marrow, 
during  periods  of  decrease  of  trypanosomes  in  the  peripheral  blood 
of  the  host. 

3.  They  are  in  process  of  formation  at  or  near  the  time  when 
the  trypanosomes  are  most  numerous  in  the  peripheral  blood.  The 
formation  of  latent  bodies  takes  place  especially  in  the  lungs,  and 
they  collect  in  the  spleen  and  bone  marrow  of  the  host. 

4.  In  the  formation  of  non-flagellate  stages,  some  of  the 
cytoplasm  and  the  flagellum  of  the  trypanosome  are  disintegrated. 
The  non-flagellate  body  contains  the  nucleus  and  blepharoplast 
(kinetonucleus)  of  the  trypanosome. 

5-  Non-flagellate  (latent  bodies  can  be  seen  to  grow  and 
flagellate,  turning  into  trypanosomes,  when  placed  in  fresh,  warm, 
uninfected  blood. 

6.  Latent  bodies  of  T.  rhodesiense ,  inoculated  into  a  rat, 
flagellate  and  produce  trypanosomiasis. 

The  non-flagellate  (latent)  bodies  of  trypanosomes  (T. 
gambiense  and  T.  rhodesiense)  are  the  post- flagellate  stages  of  one 
generation  of  trypanosomes  and  the  pre-flagellate  stages  of  the 
succeeding  generation  of  trypanosomes. 

8.  There  is  a  life-cycle  of  trypanosomes  (T .  gambiense  and 
T.  rhodesiense )  in  Vertebrate  hosts,  comparable  with  those  of 
Crilhidia  and  Herpetomonas  in  the  alimentary  tracts  of  various 
Invertebrates.  The  latent  (relatively  resistant)  stages  o 
trypanosomes  occurring  in  Vertebrates  are  separate  from,  and  1 
addition  to,  stages  of  the  parasite  which  may  occur  in  t  e 
Invertebrate  carrier  (for  example,  Glossina). 

9-  In  the  treatment  of  trypanosomiasis  by  drugs,  careful  n 
must  be  taken  of  the  occurrence  of  rounded  non-flagellate  or 
forms  of  the  parasite.  A  drug  needs  to  be  found  which  W1  ^ 
prevent  the  formation  of  rounded  (latent''  stages,  or  disi 

those  latent  bodies  already  formed. 

EE 
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EXPLANATION  OF  PLATE  XXVII. 

All  figures  were  outlined  with  Abbe-Zeiss  camera  lucida,  using 
2  mm.  apochromatic  homogeneous  immersion  objective  and 
compensating  oculars  8  and  12  of  Zeiss.  Magnification  2,000 
diameters  approximately,  except  where  otherwise  stated. 

The  chief  stains  used  were  iron  haematoxylin,  Giemsa,  or 
Romanowsky  after  wet  fixation. 

The  figures  represent  T .  rhodesiense ,  as  seen  in  rats,  except 
where  otherwise  indicated. 

Fig.  1  represents  the  formation  of  latent  (non-flagellate)  body 
from  trypanosome  in  heart  blood. 

Figs.  2-5  represents  latent  bodies,  with  remains  of  trypanosomes 
around  or  near,  from  heart  (fig.  4)  and  lungs. 

bigs.  6,  7. — Oval  latent  bodies,  each  with  nucleus  and  blepharoplast 
(kinetonucleus),  from  lung  of  rat  and  peripheral  blood 
of  guinea-pig  respectively. 

Figs.  8-16. — Various  forms  of  latent  bodies — from  liver,  heart, 
spleen,  lung  (figs.  8-1 1);  of  T.  gambiense  in  peripheral 
blood  of  rat  (fig.  12);  from  peripheral  blood  (fig.  I3)> 
lung,  and  heart  respectively. 

Figs.  17-20. — Rounding,  herpetomonad-like  forms,  all  from 
peripheral  blood  of  guinea-pigs.  Fig.  19  °f  ^ ' 
gambiense. 

big.  2 1.  Broad  trypaniform  parasite  from  blood  of  guinea-pig- 

b  ig.  22.  Latent  form  of  T.  gambiense  from  lung  of  rat. 

Figs.  23-24. — Possible  division  forms  of  latent  bodies  of 
T .  rhodesiense  from  heart  and  lungs  of  rats.  Fig-  24 
magnified  1,350  diameters.  These  forms  are  rare. 

Figs.  25,  26. — Pyriform  latent  bodies,  each  with  nucleus  and 
blepharoplast.  Fig.  25,  of  T.  rhodesiense  from  blood 
of  guinea-pig ;  fig.  26,  of  T .  gambiense  from  blood  of 
rat. 


PLATE  XXVII 


"  » 


H  B  FmtJuua  3«l  •  I^nJnn. 

LATENT  &  OTHER  FORMS  OF 
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Figs.  27,  28.— Pyriform  bodies  of  T.  rhodesiense  and  T.  gambiense 
(fig.  28)  from  peripheral  blood  of  guinea-pig.  In  fig.  28 
the  flagellum  is  shown  beginning  to  develop. 

Figs.  29,  30. — Two  pyriform  non-fiagellate  forms  from  spleen  of 
rat. 


Fig.  31. — Round  form  of  T.  gambiense ,  with  nucleus,  blepharcplast 
and  short  flagellum  along  the  edge  of  the  body;  from 
peripheral  blood  of  rat. 

Figs.  32-40. — Crithidia-like  forms.  Fig.  32,  of  T.  gambiense  from 
blood  of  rat;  figs.  33-35,  of  T.  rhodesiense  from  lung 
(fig.  33)  and  peripheral  blood  of  rat;  figs.  36*38,  °i 
T.  gambiense  from  blood  of  guinea-pigs;  figs.  39_4°>  °F 
T.  rhodesiense  from  blood  of  guinea-pigs.  In  fig.  37 
note  the  basal  granule  (‘  blepharoplast  ’  of  Minchin)  at 
the  root  of  the  flagellum,  forming  the  centrosome  of  the 
kinetonucleus. 


Fig.  41  represents  an  almost  trypaniform  stage  of  T .  gambiense 
from  blood  of  guinea-pig.  Note  the  peculiar  position 
of  the  blepharoplast  (kinetonucleus). 

Fig.  42  represents  a  stout  trypaniform  parasite  from  heart  blood 
of  rat. 


Fig.  43  shows  peculiar,  large  rounding  form  (lrom  blood  of  a  rat), 
exhibiting  signs  of  division  of  its  nucleus  an 

blepharoplast. 


Figs.  44,  45.— Slightly  irregular  parasites,  very  pale  staining  and 
vacuolated.  Degenerating,  as  seen  in  detachment  o 
flagellum,  etc. 


[s.  46-49. — Degenerating  trypanosomes,  exhibiting  chromatoly 

all  from  lungs  of  rats.  Fig.  46  of  T-  intense, 
magnified  1,350. 


Fig.  50.— Degenerating  Trypanosoma  gambiense ,  showing  vacuo 
lain,  pale-staining  cytoplasm  and  begrnnmg  of 


disintegration. 
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EXPERIMENTS  ON  THE  TREATMENT 
OF  ANIMALS  INFECTED  WITH 
TRYPANOSOMES  BY  MEANS  OF 
ATOXYL,  VACCINES,  COLD,  X-RAYS 
AND  LEUCOCYTIC  EXTRACT;  ENU- 
MERATIVE  METHODS  EMPLOYED* 


BY 

Prof.  Major  R.  ROSS,  C.B.,  F.R.S., 

AND 

J.  G.  THOMSON,  M.A.,  M.B.,  Ch.B. 

{Received  for  publication  15  October ,  1910) 

Ihese  experiments  were  conducted  with  funds  given  by  Sir 
bdwin  Durning-Lawrence,  Bart.,  for  the  purpose  of  testing  the 
died  of  cold  on  disease,  and  were  suggested  by  one  of  us  (R.R.)  as 
a  part  of  the  studies  made  in  connection  with  his  case  of  sleeping 
sickness,  as  reported  upon  in  an  accompanying  paper  by  him  and 
Dr.  David  1  homson.  Although  many  researches  have  been  made  on 
'He  eflect  of  atoxyl  and  other  drugs,  we  believe  that  these  are  the 
liist  in  which  that  effect  has  been  measured  by  regular  daily  counts 
the  parasites  by  measured  thick-film  methods. 

M  ,  I.  ATOXYL 

'■<lj  'Small  doses. 

From  a  study  of  the  patient,  W.A.,  at  the  Royal  Southern 
Hospital  by  Major  R.  Ross  and  D.  Thomson  it  will  be  noted  that 
atoxyl  failed  to  be  of  any  marked  benefit  to  the  patient,  and  in 
’he  doses  administered  there  was  no  trypanocidal  action  detected. 
H  was  necessary,  therefore,  to  begin  a  series  of  experiments  on 
animals  inoculated  with  T.  rhodesiense  (Stephens  and  Fantham  !), 

nilk|.*,A"  attract  of  this  paper  was  read  before  the  Royal  Society  on  December  8th,  1910,  and 
P  li.hcd  m  Proc.  Roy.  Soc.,  B,  Vol.  LXXXIII,  pp.  227-234  (19* 0* 

p  tPr°f-  Roy-  Soc.,  Series  B,  Vol.  LXXXIII,  pp.  28-33  (1910),  and  Ann.  Trop.  Med.  and 
,,VoL  IV,  pp.  343.35,. 
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and  to  try  the  effect  of  small  doses  of  atoxyl  in  these  animals  with 
a  view  to  determine  the  effect  of  that  drug  on  this  particular 
trypanosome  which,  as  will  be  seen  from  the  accompanying  paper 
on  '  Enumerative  Methods  in  Untreated  Animals  ’  (H.  B.  Fantham 
and  J.  G.  Thomson"*),  was  of  extraordinary  virulence.  Various  doses 
of  atoxyl  are  recommended  in  treatment  of  human  trypanosomiasis, 
and  we  find  that  the  patient,  W.A.,  in  the  Royal  Southern  Hospital, 
received  four  grains  as  a  maximum  dose.  It  was  impossible  in  the 
case  of  this  patient  to  push  the  drug  further  as  he  quickly  showed 
signs  of  the  toxic  action  of  the  drug.  Louis  Martin  and  Henri 
Darret,  in  an  article  on  the  treatment  of  sleeping  sickness  at  the 
Pasteur  Hospital,  believe  that  atoxyl  can  cure  light  forms  of  the 
disease,  and  even  severe  forms,  but  that  it  is  often  necessary  to  give 
large  doses,  viz.,  one  gram,  which  imperil  vision.  These  authors 
however,  still  admit  that  permanent  cure  is  a  doubtful  matter. 

In  the  experiments  made  by  us  we  attempted,  as  far  as  possible, 
to  administer  a  therapeutic  dose  of  atoxyl.  We  first  sub-inoculated 
four  rats  subcutaneously  with  T.  rhodesiense.  The  lightest  in 
weight,  Rat  34,  weighed  139  grains,  and  the  heaviest  weighed  256 
grams,  namely,  Rat  37. 


Colour 

Weight 

Inoculation 

period 

Duration 
of  life 

Bat  34 

Piebald 

139  grams 

5  days 

27  days 

Animal  House 

Bat  35 

Piebald 

.45  grams 

5  days 

26  days 

Cold  Chamber 

Bat  36 

White 

25.  grams 

6  days 

5  days 

27  days 

Cold  Chamber 

Bat  37 

White 

256  grams 

8  days 

Animal  House 

All  the  four  rats  were  adults.  Two  were  piebald  and  two  white, 
and  all  received,  subcutaneously,  the  same  dose  of  trypanosomes, 
namely,  200,000.  I  wo  of  them,  35  and  36,  were  placed  in  the  cold 
chamber,  where  the  lowest  temperature  recorded  was  20°  F.,  and  two 
were  placed  in  the  animal  house.  All  these  animals  received  atoxyl 
in  solution  subcutaneously  in  small  repeated  doses,  which  varied 
from  to  ^  of  a  grain.  Take  the  body  weight  of  a  man  as  being 

V  ,  *^rOC-  Ro>--  s°c-r  B.  ,Vol.  LXXX1II,  J0. 1,  pp.  206-2 r t .  and  Ann.  Trop.  Med.  and  Parant- 

\ol.  IV,  pp.  4.7-463. 

t  Bulletin  of  Sleeping  Sickness,  Vol.  11,  No.  .8,  .910. 
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70  kilograms  and  the  weight  of  our  four  rats  as  varying  between 
139  grams  and  256  grams,  and  we  find  that  the  doses  we 
administered  to  the  rats,  when  calculated  to  the  body  weight  of  a 
man  would  represent  doses  varying  between  4' 5 5  grains  and  25*14 
grains.  Rats  34  and  35,  being  the  lighter  rats,  having  received  the 
same  doses  as  Rats  36  and  37,  therefore  received  a  relatively  larger 
dose  when  we  consider  the  body  weight.  We  now  append  tables 
of  numbers  of  trypanosomes  per  c.mm.  of  peripheral  blood  and  the 
doses  of  atoxyl  given  to  Rats  34,  35,  36  and  37,  and  we  also  give 
graphs  of  the  Rats  34,  35  and  36,  which  show  the  variations  of  the 
numbers  of  parasites  in  the  peripheral  blood. 

Rat  34.— Piebald,  weight  139  gram,.  Treated  in  Animal  House  with  small  doses  of  atoxyl. 

Inoculation  dose:  200.000  T.  rbodeuense 


Day  . 

1 

2 

3 

4 

5 

6 

Number  of  Trypanosomes  per 
c.mm.  of  blood  . 

— 

— 

— 

Ii392 

Atoxyl  in  grains  . 

— 

— 

— 

— 

* 

Day  . 

8 

9 

10 

1 1 

12 

13 

1+ 

Number  of  Trypanosomes  per 

8,118 

10,500 

888 

101,200 

96,800 

c.mm.  of  blood  . 

40,460 

1,440 

5,000 

Atoxyl  in  grains  . 

A 

— 

A 

—  • 

— 

A 

Day  . 

>5 

16 

»7 

18 

>9 

20 

21 

Number  of  Trypanosomes  per 
c.mm.  of  blood 

73-92° 

A 

4,000 

20,496 

5  i796 

12,696 

3,864 

I9>»36 

Atoxyl  in  grains  . 

— 

A 

— 

A 

A 

Day  . 

22 

23 

24 

25 

26 

27 

— 

Number  of  Trypanosomes  per 
c.mm.  of  blood 

1  24.OOO 

73>92° 

48,000 

42-32o 

168,960 

242,880 

- 

Atoxyl  in  grains 

:  — 

|  * 

A 

— 

A 

7?/\T  34  'Piebald.  Treated  w«tK  ATOX  *L.139<>r*»i 

_ J.G.T _ 

^  t*K54-lr>i0K«O0>  O  ^  (V  «  *  U5  »>.  fl 0  <T>  O  **<H  V)*  *■ 

~  *4  *4  .-I  ■*  ,1  ^  ~  NCjMMMNNlI 

280000 

2.70.000 
260000 
25  0.0O0 
240000 
2  30.000 
220.000 
210.000 
200.00  0 
190.00  0 
160.000 
170.00  0 
160.000 
15Q0O0 
140.000 
130.00  0 
120.00  0 
110.000 
100.000 
9  0.000 
60.000 
70.000 
60.000 
5QOOO 
4-0,000 
30.000 
20.000 
10.000 
1.000 


1  HART  '•  Rnt  34»  inoculated  with  7.  rbodesiense.  Continuous  line  indicates  the  graph  of  the 
rvpanosomes.  Count  of  parasites  made  every  24  hours  per  c.mm.  of  peripheral  blood 
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rat  35. — Piebald  Adult  Rat,  weight  145  grams.  Treated  in  Cold  Chamber  with  small  doses 
of  atoxyl.  Dose  of  inoculation  :  200,000  T.  rhodesicnse 


Day  . 

• 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  of  blood  ...  ...| 

— 

.2,064 

25,112 

Atoxyl  in  grains  . 

J 

"  1 

— 

— 

fa 

Day  . 

8 

9 

10 

1 1 

12 

i3 

14 

Number  of  Trypanosomes  per 
c.mm.  of  blood  . 

10,400 

27,968 

34,32° 

1,520 

72,128 

73:92° 

154,000 

Atoxyl in  grains  . 

fa 

— 

fa 

— 

~ 

Day  . 

«5 

16 

'7 

18 

1 

>9 

20 

21 

Number  of  Trypanosomes  per 
c.mm.  of  blood  . 

80,560 

230,4°° 

221,600 

18,800 

331,296 

384,384 

338,688 

Atoxyl in  grains  . 

fa 

fa 

— 

fa 

ft) 

Day  . 

22 

23 

24 

25 

26 

j  _ 

| 

'j 

Number  of  Trypanosomes  per 
c.mm.  of  blood 

.  390.000 

550,00c 

447,68c 

383,040 

570,000 

Atoxyl in  grains 

fa 

fa 

Rat  36.— White  Adult,  weight  251  grams.  Treated  in  Cold  Chamber '  with  smdl  dose 

atoxyl.  Dose  of  inoculation:  200,000  T.  rhodesunse  _ 


Day 


Number  of  Trypanosomes  per 
c.mm.  of  blood 

Atoxyl  in  grains  . 


6  7 


192 


402 


Chart 


■RAT  55.  PiebJd.  Treated  withATOXYL  145 ^uma, 

TiN!OiiniONtI)  0»  (JlO-HC<*0^>O^ 

«  *1  »iHH'i^’<rtHe<C<ar<C<g<8< 


56Q000 
54QOOO 
520.000 
500.000 
460000 
46Q000 
440000 
420000 
400.000 
38000 
36QOO 
340000 
320000 
30QP00 
20QOOO 
2600 
240.000 
220.000 
200000 
180.000 
1  60.000 
140.000 
1 2  0.0  DO 
100000 
8QOOO 
60.000 
40000 

2o.ooo 

lpoo 


H.  S  LeescnJeJ 


j.  Rat  35,  inoculated  with  1.  rbodesieme.  Continuous  line  indicates  the  graph,  of‘>‘ 
trypanosomes.  Count  of  parasites  made  every  24  hours  per  c.mm.  of  peripheral  blood. 
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Rai  36 — continued. 


Day  . 

8 

9 

10 

1 1 

12 

'3 

l4 

Number  of  Trypanosomes  per 
c.mm.  of  blood 

34,356 

70,560 

75,600 

80,640 

168,544 

66,528 

125,400 

Atoxyl in  grains  . 

ifh 

(fa 

- 

— 

..Vi 

— 

Day  . 

'5 

t6 

'7 

t8 

>9 

20 

21 

Number  of  Trypanosomes  per 
wran.  of  blood  . 

Atoxyl in  grains  . 

300,000 

A 

241,000 

336,000 

316,800 

404.800 

•jV 

337^92° 

363,000 

sir 

Day  . 

22 

23 

24 

25 

26  27 

— 

Number  of  Trypanosomes  per 
c.mm.  of  blood  . 

410,000 

281,600 

138.OOO 

530,000 

483,840  500,000 

— 

Atoxyl  in  grains  . 

— 

— 

—  j  A 

Rat  37.— White,  weight  256  grams,  Adult.  Treated  in  Animal  House  with  small  doses  of 
atoxyl.  Animal  developed  Pneumonia 


Day  . 

1 

2 

3  4 

5 

6 

7 

8 

Number  of  Trypanosomes  per 
c.mm.  of  blood 

_ 

_ _ 

-  l  - 

— 

4 

2,004 

32,640 

Atoxyl  in  grains  . 

— 

— 

— 

* 

bV 

If  now  we  examine  table  and  chart  of  Rat  34  we  ^ 

period  between  the  crests  of  the  waves  representing  the  num  ers 
trypanosomes  was  certainly  longer  than  in  those  oi  the  untreate 
animals  inoculated  with  T .  rhodesiense  ( vide  Paper  on  Enumera 
Methods  in  Untreated  Animals,’  H.  B.  Fantham  an  J-  • 

Thomson*).  We  find  there  were  two  high  crests  in  the  grap  i  0  is 

animal  corresponding  to  five  days  and  ten  days.  The 
this  animal  was  139  grams,  and  thus  the  doses  administere _ 

•  Proc.  Roy.  Soc.,  B.  Vol.  LXXX1II,  19"-  PP-  206-2U,  and  Ann>  Tr°P'  ^ 

Vo1'  IV-PP-  4*7-463- 
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relatively  large.  The  doses  given  may  have  had  a  slight 

trypanocidal  action,  but  from  the  appearances  of  the  smears  we  do 
not  think  there  was  any  marked  degeneration,  and  many 
trypanosomes  were  found  actively  dividing.  The  doses  gi\en  to 
this  animal  would,  if  calculated  to  the  body  weight  of  a  man  of  70 
kilograms,  represent  approximately  38  grains,  16  ;o  grains,  an 
2514  grains.  The  lengthened  period  between  the  crests  of  the 
waves  may  have  been  caused  by  natural  body  resistance  being  raise  . 
This  animal  lived  twenty-seven  days,  whereas  the  longest  peno  0 
life  recorded  in  our  controls,  sub-inoculated  with  the  same  s 
was  eighteen  days  in  an  animal  weighing  48  grams. 

If  we  examine  now  Rat  35.  which  was  treated  with  similar  doses 

of  atoxyl,  and  kept  in  the  cold  chamber,  we  find  quite  a 
character  in  the  graph  representing  the  numbers  o  ti>pano 
in  the  peripheral  blood.  This  animal  was  piebald  in  c0  011  1 
weighed  14s  grams,  that  is  to  say,  it  was  only  digit  \  lca'1 ^ 

Rat  34.  This  means  that  the  doses  given  when  calculated  to  M 
weight  of  a  man  were  smaller  than  those  gi\cn  to  at  3 
doses  would  represent  in  man  8  04  grams,  160b  gra““  j 

^ains.  In  spite  of  these  doses  the  tryP— '  » *  ^ 
circulation  rapidly  increased  in  numbers  wi  number  of 

- « »•  1,  u.  rvr 

570,000  per  c.mm.  of  blood.  1  his  a  It  cannot  be 

and  received  during  that  time  ten  doses  o  ‘  ^  had  an)' 

said  in  this  case  that  the  atoxyl  m  '  e  ^  ^  animal  was 
trypanocidal  action,  but,  again,  the  1  *  f  division  forms 
undoubtedly  prolonged  by  the  drug.  “  "V,  proliferation  of  the 
seen  in  the  smears  of  this  animal  showed  tn«  -  the-proportion 
trypanosomes  was  very  active,  and  we  also  noted  that 
°f  short,  stumpy  forms  was  also  maike  )  in  chamber  with 

Rat  36,  white  in  colour,  and  treate  .fl  many  respects 

small  doses  of  atoxyl,  shows  a  char  ^  ^  the  staircase 

simulates  the  chart  of  Rat  35-  Here,  afa1^  treatment  with  small 
rise  of  the  trypanosomes  in  spite  of  continue  Ratg  ^  and  35- 
doses  of  atoxyl.  This  animal  being  ieaU  .  tQ  the  body  weight 
received,  therefore,  doses  which,  when  ca  cu  erajns,  9'28  £rain9 
°f  a  man,  were  relatively  small,  name), 
and  1 3  92  grains. 
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In  this  animal  all  the  smears  gave  evidence  of  the  trypanosomes 
being  abnormally  stimulated  to  division.  Many  of  the  trypanosomes 
were  seen  to  be  dividing  into  four,  and  the  numbers  before  death 
reached  530,000  per  c.mm.  of  blood. 

This  animal  lived  twenty-seven  days.  If  we  do  not  attribute 
the  prolonged  life  of  these  three  rats  to  the  trypanocidal  action 
of  the  atoxyl  we  must  endeavour  to  explain  it  in  another  manner. 

Arsenic  in  small  doses  affects  metabolism  and  improves  the 
general  condition  of  the  body.  In  small  doses  we  find  in  man,  both 
in  health  and  disease,  that  the  strength,  weight  and  appetite  are 
improved,  and  it  is  quite  to  be  expected,  therefore,  that  small 
repeated  doses  of  atoxyl  in  rats  would  tend  to  raise  the  natural 
body  resistance.  In  referring  to  Cushny’s  Pharmacology  we  find 
that  Gies  treated  young  rabbits  with  arsenic,  and  found  that  those 
treated  weighed  more,  had  larger  bones,  and  more  developed 
muscles  than  the  untreated  controls.  It  was  also  found  that  a 
pregnant  female  rabbit  treated  with  arsenic  gave  birth  to  young 
rabbits  of  abnormal  size.  That  arsenic,  therefore,  in  small  doses 
profoundly  affects  metabolism  and  improves  the  general  condition 
we  have  good  evidence,  and  this  might  possibly  explain  the 
lengthened  life  of  the  animals  treated  with  atoxyl  in  small  doses. 
In  the  same  way  the  lengthened  period  between  the  crests  of  the 
waves  in  Rat  34  may  possibly  have  been  due  to  increased  resistance 
of  the  body  of  the  host  rather  than  to  a  direct  action  of  the  drug 
administered  upon  the  parasites. 

In  spite  of  the  fact  that  the  animals’  lives  were  prolonged  we  had 
the  trypanosomes  increase  steadily  in  numbers,  and  this  was  very 
marked  iji  the  cases  of  Rats  35  and  36.  The  numbers  of 
trypanosomes  in  the  peripheral  blood  remained  consistently  high, 
and  the  smears  showed  very  active  divisions  of  parasites.  This  can 
be  attributed  to  the  action  of  the  atoxyl  in  small  doses.  We  have 
already  referred  to  the  general  action  of  arsenic  in  small  therapeutic 
doses.  The  drug  seems  to  act  as  a  tonic  to  the  body  in  health  as 
well  as  disease,  and  must,  therefore,  improve  the  condition  of  the 
cells  of  the  whole  body.  Stockman  and  Greig*  found  the  bone 
marrow  in  a  state  of  unusual  activity  when  arsenic  was  administered 

Sec  Cushny’s  1  Pharmacology  '  on  actions  oftarsenic. 
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in  small  doses,  and  there  were  greater  numbers  of  red  blood 
corpuscles. 

Is  it  not  possible,  therefore,  that  atoxyl  in  small  doses,  such  as 
given  to  these  rats  acted  not  only  upon  the  cells  of  the  body  of 
the  host,  but  on  the  trypanosomes  themselves,  and  acted  as  a  tonic 
to  both,  so  stimulating  increased  division  of  the  parasites.-'  I  his 
would  explain  both  the  extraordinary  division  forms  of  the 
trypanosomes  and  also  the  prolonged  life  of  the  host  without 
attributing  to  the  atoxyl  any  trypanocidal  action  whatever. 

It  must  be  remembered,  however,  that  we  are  working  with  a 
specially  virulent  strain  of  trypanosomes,  and  that,  therefore,  it  may 
be  peculiarly  resistant  to  the  action  of  atoxyl,  which  drug  m 
many  cases  of  human  sleeping  sickness  seems  undoubtedly  to  have 

a  favourable  influence  on  the  disease. 

Rats  35  and  36  were  treated  in  the  cold  chamber  and  received 
atoxyl  as  well.  In  our  experience,  however,  we  hnd  that  although 
the  cold  tends  to  prolong  the  life  of  animals  infected  witi 
trypanosomiasis  to  a  slight  extent  it  has  not,  as  a  rule,  any  marked 
effect  upon  the  numbers  of  trypanosomes  in  the  perip  aera 
circulation,  and  thus  we  attribute  the  numerous  division  forms  to 
the  atoxyl. 


(b)  Large  doses  of  Atoxyl. 

We  now  tried  the  effect  of  a  large  dose  of  atoxyl  on  three  rats, 
all  heavily  infected  with  T.  rhodesiense. 

Here  wc  were  guided  in  our  experiments  by  the  wor<  0  0 

and  Breinl*,  who  pointed  out  that  if  a  cure  was  to  be  expectc  m 
animals  a  large  dose  of  atoxyl  was  necessary. 


fa>  38. — Piebald,  eight  p«m.  <*.  Chart.)  Do*  ot  !  ^ 

panosomes.  T.  rhodesiense  _ 


Day 


Number  of  Trypanosomes  per 
c.mm .  ‘...I 


Atoxyl  5  per  cent,  solution  ...  — 

Leucocvtes  .  — 


6,162 


1005. 

IT 


*  Memoir  XVI,  Trypanosomiasis  research,  pp 


,  n_  Sch.  of  Trop.  Med.,  Liverpool,  October, 

lasts  research,  pp-  ^  5/1  * 
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Rat  38 — continued. 


Day  . 

8 

9 

10 

1 1 

12 

'3 

Number  of  Trypanosomes  per 
cm  ...  ...  ... 

28,000 

86,000 

43,000 

21,736 

0 

0 

0 

Atoxyl  5  per  cent,  solution 

— 

— 

— 

0-5  c.c. 

— 

- 

- 

Leucocytes 

— 

— 

~ 

16,368 

24.720 

63,000 

40,0=0 

Day  ...  . 

■5 

,  16 

«7 

18 

*9 

20 

21 

Number  of  Trypanosomes  per 
c.mm.  ...  ...  . 

0 

1,600 

18,000 

32,000  120,000 

98,000 

89 

Atoxyl  5  per  cent,  solution 

... 

— 

— 

— 

— 

0-5  C-C. 

- 

Leucocytes 

22,880  — 

- 

— 

- 

12.360 

24, coo 

Day  . 

22 

*3 

24 

25 

26 

27 

28 

Number  of  Trypanosomes  per 

c.mm.  ...  . 

.. 

320 

4-5'° 

12,000 

26,000 

60,000 

23,600 

20,310 

Atoxyl  5  per  cent,  solution 

•  • 

— 

— 

— 

— 

— 

— 

- 

Leucocytes  . 

•• 

45,000  — 

— 

— 

— 

- 

Day 

• 

29 

|  30  | 

31 

32 

33 

34 

35 

Number  of  Trypanosomes  per 
c.mm.  ... 

7.500 

760 

84 

320 

3,600 

4.880 

15,600 

Atoxyl  5  per  cent,  solution  .. 

— 

_ 

_ 

Leucocytes  . 

— 

— 

— 

— 

— 

- 

Day  . 

36 

I 

37 

38 

39 

40 

4» 

42 

Number  of  Trypanosomes  per 
c.mm.  ... 

Atoxyl  5  per  cent,  solution  ... 

23,000 

79,4*58  1 

1 

23,600  193,000 

*77:744  3 5° i000 

44,000 

Leucocytes 

-  1 

33A2o 

6,000 

40,320  10,400 

4,248 
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Rat  38 — continued. 


Day  . 

43 

44 

45 

46 

47 

48 

49 

Number  of  Trypanosome*  per 
c.mm.  ... 

317,856 

218,880 

231,840 

211,520 

1 1 2,640 

190,520 

664,608 

Atoxyl  5  per  cent,  solution 

— 

— 

— 

— 

— 

— 

Leucocytes  . 

21,924 

— 

31,020 

9,280 

26,048 

19,404 

33i 120 

Day  . 

5o 

5« 

I  

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

816,960 

1,500,000  ’  — 

— 

— 

— 

— 

Atoxyl  5  per  cent,  solution  ... 

— 

— 

— 

— 

— 

Leucocytes  . 

63,480 

1 

— 

— 

; 

The  above  animal,  Rat  38,  lived  fifty-one  days.  The  control 
of  this  animal  weighing  238  grams  lived  eighteen  days,  and  the 
day  before  death  had  350.000  trypanosomes  per  c.mm.  Rat  3b 
received  two  doses  of  a  5  per  cent,  solution  of  atoxyl  (o' 5  c.c.. 
subcutaneously,  and  it  will  be  noted  that  this  dose  calculated  to  the 
body  weight  of  a  man  of  70  kilograms  would  be  130  grains 
approximately.  It  is  of  interest  to  note  that  the  leucocytes  rose  m 
Rat  38  on  the  thirteenth  day  to  63,000  per  c.mm. 

Two  other  rats  infected  with  the  same  strain  received  doses  of 
o' 5  c.c.  of  a  5  per  cent,  solution  of  atoxyl. 


Rat  40,  white,  weight  =  129  grams. 

Rat  41,  white,  weight  =113  grams- 
Rat  40  had  4,800  trypanosomes  in  the  cubic  millimetre  befoic 
injection,  and  next  day  we  found  S9  per  c.mm.,  i.e.,  twent) 
hours  after  injection  of  atoxyl,  and  in  forty-eight  hours  there  were 

no  trypanosomes  in  the  peripheral  circulation.  .  .  f 

Rat  41  had  7,056  trypanosomes  per  c.mm.  before  mjec  ion  o 
atoxyl  and  next  day  two,  presumably  dead  trypanosomes,  we  e 
found  in  a  thick  film.  Tins  rat,  however,  succumbed  to  the  toxic 

action  of  the  drug  the  following  day. 

Atoxyl,  therefore,  in  large  doses  is  a  trypanoci  e.  ;  rs 
so-called  poisonous  doses  causes  adverse  conditions  in  c  , 


we  get  fattv  degeneration,  especially  of  the  cells  of  the  liver  and  the 
epithelial  cells  of  the  stomach  and  intestines,  and  to  a  lesser  extent 
in  the  kidneys  and  other  organs  in  the  body.  If,  therefore,  we  give 
atoxyl  in  a  poisonous  dose  to  an  animal  we  kill  not  only  the 
trypanosome  cells,  but  also  the  body  cells. 

Unfortunately,  in  this  strain  of  trypanosomes,  even  after  the 
large  dose  of  atoxyl  given,  the  parasites  appeared  again  in  Rat  3 
after  an  absence  from  the  peripheral  blood  of  four  days.  1S  “ 
only  to  be  explained  by  the  resistant  forms  of  Moore  and  Brein 

(Ann.  Trop.  Med.,  I,  page  45 7  (W))  forniing  ,n  ^  f  L 
bone  marrow,  and  these  again  flagellate  out  un  er  avour 

circumstances.  .  •  . 

Thomas  and  Breinl  pointed  out  that  to  obtain  a  cure  we  1 

approach  as  near  as  possible  to  the  lethal  dose.  • . 

A  small  dose  of  atoxyl  repeated  did  not  act  as  a  trypanoerfe, 
but  we  would  suggest  prolonged  the  life  of  the  amma  y 

"Tlarge  dose  of  atoxyl,  on  the  other  hand,  is 

trypanocide,  and  clears  the  peripheral  circulation  o 

but  in  this  strain,  T.  rhodesiense,  which  is  a  p  action  of 

one,  the  trypanosomes  were  evidently  able  to  resis 

the  atoxyl  by  encysting  themselves  in  the  spleen  and  bone  ma 

(Moore  and  Breinl")- 

Our  conclusions  are  briefly  these  .  ^ 

CO  Small  doses  of  atoxyl,  i.e.,  therapeutic  probably  by 

viz.,  T.  rhodesiense,  prolong  the  life  of  the 

raising  the  body  resistance.  .  trvDanosomes  actually 

(2)  Small  doses  of  atoxyl  in  this  stram  of  trypan 

stimulate  division  of  the  parasites.  probably  do 

(3)  Large  doses  of  atoxyl  kill  the  P*r  bodjes  (Moore  and 
not  cure  the  animal  owing  to  atoxy  ie^  marrow. 

Breinl)  being  formed  in  the  spleen  and  on  forms  oi 

(4)  As  has  been  noted  by  other  °^r'e  ^  ^  bg  expected. 

this  disease,  the  initial  dose  must  be  arb  but  would  aPPear 

(5)  Atoxyl  is  noi  a  specrfic  in  T.  the  trypanosomes 

to  be  almost  as  toxic  to  the  bo  y 
themselves.  _ _ - — 

'  Ann.  Prop.  Med.  and  Parasit.,  Vol.  L  P-  457  C  907 
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Treat  went  of  I.  rhodesiensc  in  rats  by  subcutaneous  injection 

of  vaccines. 

II.  VACCINE  TREATMENT 

In  view  of  the  extensive  development  of  vaccine  treatment  in 
disease,  we  have  carried  out  some  experiments  in  the  treatment  ot 
trypanosomiasis.  These  experiments  are  few,  and  therefore 
inconclusive,  but  they  have  produced  results  of  interest,  and  we 
are  continuing  the  experiments  in  the  hope  of  gaining  further 
knowledge. 

The  vaccine  used  by  us  was  not  a  true  vaccine,  because  it 
contained  serum,  blood  corpuscles,  leucocytes,  and  the  bodies  ot 
dead  trypanosomes.  It  will  thus  be  noted  that  vve  injected  a  rather 
complicated  fluid,  and  that  it  was  only  a  vaccine  in  the  sense  that 
it  contained  the  bodies  of  dead  trypanosomes. 

I  he  vaccine  was  prepared  by  searing  the  surface  of  the  heart 
with  a  hot  needle  in  order  to  get  a  sterile  portion,  and  through  this 


me  mood  was  drawn  into  a  sterile  pipette  and  mixed  with  normal 
saline.  1  his  mixture  was  placed  for  half  an  hour  in  an  incubator 
a*  55  C..  and  finally  a  little  trikrcsol  was  added.  A  count  was 
made  of  the  parasites  in  i  c.mm.  before  they  were  subjected  toheat. 
and  appropriate  dilution  was  carried  out  with  normal  sterile  salt 
solutions. 

There  are  two  distinct  points  at  which  we  may  prepare  this 
so-called  vaccine.  We  may  prepare  it  at  the  height  of  the  rise  of 
the  trypanosomes  in  the  peripheral  blood,  or  it  may  be  prepared 
when  the  trypanosomes  are  few  in  number. 

In  the  former  case  vve  have  a  condition  in  which  the  numbers 
trypanosomes  are  great,  and  probably  the  anti-bodies  in  the 
rum  lew.  In  the  latter  case  we  have,  on  the  other  hand,  a 
on  ition  where  the  trypanosomes  are  few  and  the  serum  rich  in 

anti-bodies. 


We  have  conducted  experiments  and  used  a  so-called  vaccine 

p  pared  at  both  the  above  stages.  The  first  so-called  vaccine  was 

t  111  tr'Vpanosomes’  a°d  was,  therefore,  more  of  the  nature  of  a 

vaccin^T;116  tJlan  Iatter’  which  was  what  we  might  call  a 
\ accine  plm  an  anti-serum. 
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We  first  experimented  with  ■>  vaceiiie  obtained  at  the  height  o 
the  rise.  Here  it  was  noted  that  after  subcutaneous  injection  a  rise 
in  the  number  of  trypanosomes  took  place.  The  fact  was  rat  "°  e 
bv  D  Thomson,  while  conducting  similar  work  on  the  human  case 
of  sleep, ng  s.ckncss.  This  observer  asserts  that  an  injection  of  a 
so-called  vaccine  which  was  simply  tats’  blood,  sterilised  and  mixed 
with  normal  saline-rich  in  the  dead  bodies  of  trypanosoma, 

stimulated  the  trypanosomes  in  the  peripheral  oo  o  ,e 

to  divide;  and  the  explanation  seems  to  be  based  on  the  hype *he 
of  Dr.  H.  C.  Ross,  who  holds  that  extracts  of  dead  animal  tissues 

stimulate  cell  division  .  ,  ,  _  ,  .  •  „ 

In  our  experiments  with  rats  infected  witi  •  not  » 

without  except . <md  that  when  the  blood  of 

trypanosomes  was  injected  subcutaneously,  a  rise  °  was 

occurred  during  the  next  twenty- four  hours.  OSe  was 

sometimes  very  sudden  and  exceedingly  high,  and 
large  and  strong,  the  rise  was  (several  tunes;  so  gre  treatment 
the  death  of  the  animal.  Plus  is  exactly  in  me  wi  i  ^  ^wn 
of  disease  with  true  bacterial  vaccines,  and  here  i  excessive 

that  if  we  treat  say  a  mastitis  with  vaccine  an  g>  ^  &  small 
dose,  we  aggravate  the  condition.  On  t  e  o  er  ’  next 

dose  was  given  to  an  infected  rat.  we  got  during  t 
twenty-four  hours  a  rise,  but  not  sufficient  to  &  ^ 

rise  may  well  be  represented  as  the  nega  ivc  be 

occurs  usually  in  forty-eight  to  seventy-two  hours,  which  > 

considered  as  the  positive  phase.  .  .  t  i  e.,  it  must 

We  conclude,  therefore,  that  the  dose  -  '.^“  “ow  an  interval 
not  be  too  large,  and  secondly,  we  must  a  least  allow 

of  one  day  before  a  second  dose  is  adminis  e  ^  infected  with 
In  our  first  experiments  use  another  rat,  which 

T.  rhodesiense,  and  vaccine  was  prepare  height  of  a  crest, 

was  killed  when  the  trypanosomes  v-ere  a  relatively  poor  in 

We  thus  used  a  blood  rich  in  trypanosomes,  treated, 

anti-bodies.  Three  rats  were  kept  as  controls  andjhree^^  ^  ^ 
Two  of  those  treated  quickly  succu  without  blowing  an 

the  fact  that  we  gave  two  dos  Wc  gave  no  time  for  a 

interval  of  at  least  twenty-four  hour^ - - - - - - 
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reaction  to  take  place.  The  third  rat,  however,  lived  longer  than 
the  controls,  and  in  this  case,  if  we  eliminate  the  fact  that  it  may 
have  been  a  more  resistant  animal,  we  had  the  life  prolonged  bv 
the  vaccine,  which  was  given  with  an  interval  of  one  day  between 
the  doses. 

We  attempted  the  same  line  of  treatment  in  two  guinea-pigs, 
but  here  again,  we  cannot  say  that  we  prolonged  life.  We  now 
attempted  to  obtain  results  with  a  blood  prepared  when  the 
trypanosomes  were  low  in  the  peripheral  blood,  i.e.,  we  tried  a 
condition  in  which  one  would  expect  to  find  anti-bodies,  and  in 
addition  to  this  the  blood  was  rich  in  leucocytes.  The  first 
injection,  given  on  the  eighth  day,  produced  a  fall  in  the 
trypanosomes  and  a  rise  in  leucocytes  which  was  very  marked. 

I  he  second  injection  was  given  on  the  thirteenth  day,  and  again 
we  obtained  a  fall  (slight),  but  the  leucocytes  also  fell.  On  the 
twentieth  day  we  gave  an  injection  of  blood  obtained  from  an 
animal  when  the  trypanosomes  were  numerous;  a  very  high  rise  took 
place  and  the  animal  died.  This  animal  lived  twenty-two  days, 
i.e.,  we  may  conclude  that  we  prolonged  its  life,  and,  indeed,  the 
animal  might  have  lived  a  longer  period  had  we  not  on  the  twentieth 
day  given  too  strong  a  dose  of  vaccine.  We  publish  the  chart  of 
the  last  experiment  (Rat  95),  as  it  shows  the  rise  and  fall  of 
the  leucocytes  in  relation  to  the  rise  and  fall  of  trypanosomes.  It 
'viH  *JC  n°ted,  if  we  refer  to  chart  of  Rat  95,  that  after  inoculation 
a  ^eucopenia  takes  place,  and  when  trypanosomes  first  appear  in  the 
peripheral  blood  we  have  the  leucocytes  increasing.  Again,  it  will 
x*  noted  that  when  the  trypanosomes  are  high  in  number  that  there 
ends  to  be  a  fall  in  the  number  of  leucocytes,  whereas  when  the 
trypanosomes  are  low  in  the  peripheral  blood  there  tends  to  be  a 
mar  -ed  leucocytosis.  We  have  noticed  this  relation  between 
eucocytes  and  trypanosomes  in  many  cases. 

e  append  tables  of  numbers  of  three  untreated  controls,  viz., 
*s  1 4»  15  and  16,  and  the  tables  of  three  rats  treated  with 
une  of  a  blood  rich  in  trypanosomes,  viz.,  Rats  4 2,  43  and  44 
a"  '  /astly’  we  append  a  chart  of  Rat  95  infected  with 
(  tsiense.  Here  the  first  two  doses  of  so-called  vaccine  were 
P  P  ed  from  a  rat  when  the  trypanosomes  were  few  in  the 
C,1P  eral  blood,  and  we  note  that  a  fall  in  the  numbers  took  place 


fkt  yS  y •**.*> ***4*^*, 


after  these  injections.  The  last  injection  of  vaccine,  given  on  the 
twentieth  day,  was  prepared  from  a  rat  when  the  trypanosomes 
were  very  numerous,  and  we  note  that  there  was  in  the  next 
twenty-four  hours  an  enormous  increase  in  the  numbers  of 
trypanosomes,  from  which  the  animals  were  evidently  unable  to 
recover. 


CONTROLS  NO  TREATMENT 


Rat  14. — Piebald.  weight  12 7  grains.  l>ose  of  inoculation  :  200.000  Trypanosomes 

T.  rhndesiensr 


Day  . 

^  t 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.nun.  ...  ...  . 

— 

— 

1,440 

45,600 

66,240 

7)’44 

Leucocytes  ...  . 

— 

— 

— 

26,080 

3<5,784 

59,64s 

Dav  . 

8 

, 

10 

1 1 

12 

- 

- 

Number  of  Trypanosomes  per 
c.mm . 

5°, 232 

77;44° 

250,000 

464,640 

— 

500,000 

_ 

— 

Leucocytes 

—  _ 

— 

— 

- 

- 

R'i  15.  I  iebnld,  weight  104  grains.  Dose  of  inoculation  :  200.000  Trypanosomes 

T.  rbodesiensc 


Day  . 

2  3  4  5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

— 

1  !  - 

~  ~ 

4,620 

45)44° 

Day  . 

8 

9 

10 

u 

— 

- 

Number  of  Trypanosomes  "per 
c.mm . 

24,472 

44,352 

194,128 

410,000 

— 

— 

5°7 


R,t  ,6.— White,  weight  58  grant*.  Do»c  of  inoculation  :  200.000  Trypanosomes 
T.  rbodetifnsc 


Day  . 

i 

2 

3 

4 

5 

6 

7 

- - - 

Number  nf  Trypanosome*  per 
c.mm . 

— 

— 

— 

104 

37.000 

10.240 

Leucocytes  . 

9,*°4 

14.000 

21.060 

10.468 

— 

— 

Temp . 

41 

44 

36 

— 

44 

46 

_ 

Day  . 

8 

9 

10 

1 1 

12 

13 

— 

Number  nf  Trypanosome*  per 
c.mm. ...  ...  ...  ••• 

1 26,000 

86.640 

1 

1  2  1 .600 

189.000 

1 60,800 

No 

count 

Leucocytes  . 

— 

— 

— 

— 

8.416 

— 

Temp . 

34 

52 

20 

34 

I  ~~ 

18 

RATS  TREATED  WITH  VACCINE 

Rat  4T.-WW*.  weigh,  12,  gr»m,  Do*  of  Trypanosome, 


a 

*22 

N 

4- 

; 

5  6 

7 

Number  of  Trypanosomes  per 
c.mm .  — 

Vaccine .  — 

—  — 

90 

24,000 

Day  . 1 

8 

9 

10 

I  1 

.2  >3  -+ 

Number  of  Trypanosomes  per 
c.mm . 

Vaccine . 

2,376 

1,002 

9.044 

35,200 

60,480  32,000  123,200 

Day  . 

>5 

10  •/ 

Number  of  Trypanosomes  per 
c.mm . 

136,160 

185.600 

239o2o 

306,432  211,600 

Vaccine . 

10,000,000 

— 

10,000,000 

10,000,000 

5°S 


R:it  42 — continued. 


Day 

20 

21 

Number  of  Trypanosomes  per 
c.mm.  ... 

225.872 

21  1.600 

— 

~ 

Vaccine  ... 

— 

_ 

__ 

- 

Rat  43. — White,  weight  140  gram*.  Uotc  of  inoculation  :  200.000  Trypanowme* 

T.  rbodaienst 


Day 

1 

2 

3 

4 

5  6 

Number  of  Trypanosomes  per 

c.mm.  ... 

— 

— 

— 

840 

52.000  214.016 

Vaccine . 

1 

— 

— 

— 

12,000.000  l  1 2.000.00; 

Day  . 

7 

8 

9 

- 

- 

Number  of  Trypanosomes  per 
c.mm.  ... 

144,000 

3 1 0.000 

5*292 

_ 

Vaccine  ... 

- 

— 

- 

Ra'  44.  Piebald,  weight  237  grams.  Dose  of  inoculation  :  200,000  Trypanosome* 

T.  rbodcsiense 


Day  . 

I 

2 

1 

3  4  5  6 

Number  of  Trypanosomes  per 

■ - — 

c.mm.  ... 

— 

— 

65  35,296  42,32c  248.960 

Leucocytes  . 

— 

—  27-446  15.60S  50400 

Vaccine  . . . 

~ - — 1 — - - 

—  12,000,000  12,000,000 

Day 

7 

8 

9 

10 

tt  —  - 

Number  of  Trypanosomes  per 
c.mm.  ... 

13,056 

39*960 

97*544 

310,000 

366.000  — 

Leucocytes 

43-ooo 

— 

_ 

_ 

Vaccine  ... 

. 

— 

~  1 

__ 

III.  TREATMENT  IN  THE  COLD  CHAMBER 

The  dimensions  of  the  cold  chamber  are  twelve  feet  long  by 
seven  feet  wide  by  six  and  three-quarter  feet  high,  and  this  is 
cooled  by  a  refrigerator. 

The  lowest  temperature  reached  in  our  experiments  was  20°  F. 
As  the  cooling  apparatus  was  stopped  during  the  night  the 
temperature  rose,  and  in  the  morning,  before  starting  the  machinery, 
reached  36°  F.  to  38°  F.,  but  this,  of  course,  varied  with  the 
temperature  of  the  atmosphere  outside  the  chamber. 

The  humidity  of  the  atmosphere  in  the  chamber  was  low,  and 
was  found  to  vary  between  5°  anc^  60  Per  cen*->  but  this  also 
varied  with  the  humidity  outside,  as  the  door  had  to  be  opened 
several  times  daily  for  the  purposes  of  observation  and  to  admit  oi 
feeding  the  animals. 

For  the  above  observations  regarding  humidity  and  temperature 
we  are  indebted  to  Major  Williams,  who  compares  the  atmosphere 
of  the  cold  chamber  to  that  in  the  interior  of  Canada. 

We  were  thus  enabled  to  carry  out  treatment  in  a  cold,  dry 
atmosphere,  and  from  personal  experience  we  can  testify  to  the 
invigorating  feeling  bestowed  on  us  by  a  short  sojourn  in  this 
chamber. 

The  animals  in  this  chamber  were  active  and  took  their  food 
well,  and,  without  doubt,  seemed  much  better  than  their  controls 
outside  in  the  animal  house. 

The  patient  W.A..  suffering  from  sleeping  sickness  contracted  in 
Rhodesia,  several  times  visited  the  cold  chamber  for  treatment, 
but,  unfortunately,  at  this  time,  no  counts  were  made  of  the 
parasites  in  the  peripheral  circulation,  but  we  have  the  e\i  ence 
of  the  patient  himself,  who  emphatically  declared  tiat  le 
much  better  after  being  for  some  time  in  the  cold  cham  er. 

As  the  patient  became  worse,  treatment  had  to  be  discontinued 
owing  to  the  fact  that  the  patient  was  considered  too  ill  to  trave 
from  the  Royal  Southern  Hospital  to  the  University,  an 
to  resort  to  treatment  in  animals  alone. 


The  animals  used  were  guinea-pigs  and  rats,  and  we  used  two 
strains  of  trypanosomes — 

(1)  The  T.  rhodesiense  obtained  from  patient  W.A.  (Ross  and 

Thomson,  1910*),  and 

(2)  An  old  laboratory  strain  of  7'.  gambiense. 

The  essential  differences  between  these  two  strains  has  been 
discussed  by  H.  B.  Fantham  and  J.  G.  Thomson  in  Paper  on 
Enumerations  in  1  Jntreatcd  Animals  suffering  from  Sleeping 
Sickness,’  1910+. 

W’e  at  first  selected  guinea-pigs  sub-inoculated  with  sleeping 
sickness,  and  from  the  tables  we  append  it  is  evident  that  the 
animals  were  more  resistant  to  the  infection  while  living  in  the  cold 
chamber. 


'T.  gambiense.  Old  Laboratory  Strain.  Controls  in  Animal  House 


Animal 

Incubation 

Duration  of  life 

Weight  in  grams 

Guinea-pig  1*  ... 

4 

28 

495 

Guinea-pig  21  ... 

4 

3° 

580 

Guinea-pig  3-  ... 

4 

105 

534 

Guinea-pig  42  ... 

2 

79 

403 

'  Counts  of  these  animals  arc  not  given. 

Daily  counts  of  these  animals  are  given  in 
somes  in  Animals  by  Fantham  and  J.  G.  Thomson, 
pig  4  1*  numbered  as  6. 


the  paper  on  Enumerative  Studies  on  Trypann- 
where  Guinea-pig  3  is  numbered  as  7  and  Gumea- 


T.  gambiense.  Old  Laboratory  Strain.  Treated  in  cold.  Lowest  Temp.  20°  F. 


Animal 

Incubation 

Duration  of  life 

Weight  in  grams 

Guinea-pig  5 

... 

•9 

102 

648 

Guinea-pig  6  ... 

6 

93 

562 

Guinea-pig  7 

16 

74 

623 

*  D,....  ,, 

t p_  .  B  .  c'5  B> VoL  lxxxhi,  PP.  187-205  (,9i,) 

rv  —  °-y'  K‘  VoL  r  XXXrn-  pp-  206-211  (1911),  and  Ann.  Trop.  Med.  and  Pa 


v  ,  '„voc-  K°y-  Soc-> 

Vo1-'  IV-  PP-  417-463. 


5" 


Guinea-pigs. — Sub-inoculated  with  T.  r  bodes  tense 


No. 

Incubation 

Duration  of  life 

Weight  in  grams 

Guinea-pig  X 

...  13  days 

120  days 

35° 

Treated  in  Cold 
Chamber 

Guinea-pig  91 

...  6  days 

79  days 

3+6 

Treated  in  Animal 
House 

1  Thi»  is  Guinea-pig  i  in  paper  on  Enumcrativc  Studies  on  Trypanosomes  by  Fantham  and 
J.  G.  Thomson. 


From  the  above  tables  it  will  be  noted  that  the  incubation  period 
was  delayed  in  all  cases  in  the  animals  subjected  to  treatment  in 
the  cold  chamber. 

In  the  above  tables  Guinea-pigs  i,  2  and  3  were  controls  of 
Guinea-pigs  5  and  6. 

Guinea-pig  4  was  control  of  Guinea-pig  7,  and  Guinea-pig  9  was 
control  of  Guinea-pig  8. 

The  average  incubation  period  of  the  five  controls  in  the  animal 
house  was  four  days,  whereas  the  average  incubation  period  of  the 
four  animals  treated  in  the  cold  chamber  was  13^  days. 

The  average  duration  of  life  in  the  controls  was  64^  days, 
whereas  in  the  animals  treated  in  the  cold  chamber  the  average  life 
was  97 4  days. 

In  addition  to  this  the  animals  in  the  cold  were  livelier,  and  took 
their  food  better  than  those  in  the  animal  house. 

We  can,  therefore,  conclude  that  in  guinea-pigs  sub-inoculated 
with  both  strains  of  sleeping  sickness  we  had  the  incubation  period 
delayed  in  the  cold,  and  also  the  life  of  the  animals  prolonged 
when  treated  by  cold. 

We  now  experimented  with  rats.  Here,  again,  we  sub-inoculated 
the  animals  with  the  T.  rhodesiense  from  the  patient  W.A.,  and  we 
also  sub-inoculated  a  scries  of  rats  with  the  old  laboratory  strain 
of  T.  gambiense. 


Controls.  Old  Laboratory  Strain.  T.  gambiense 


Number 
Piebald  Rats 

Weight 
in  grams 

Incubation 

Duration 
of  life 

Number  of 
Trypanosomes 
inoculated 

Number  of 
divisions  in 
first  24  hours 

Rat  23  . 

'73 

6  1 

'9 

2,000,000 

8 

Rat  27  . 

60,000 

7 

113 

5 

i  5 

17 

3 

60,000 

Rat  28  . 

IOI 

5 

Cold  Chamber.  Old  Laboratory  Strain.  T.  gatnbtense 


Number 
Piebald  Rats 

Weight 
in  grams 

Incubation 

Duration 
of  life 

Number  of 
Trypanosomes 
inoculated 

Number  of 
divisions  in 
first  24  hours 

R«  45  . 

270 

7 

12 

2,000, ooo 

8 

Rat  46  . 

"3 

6 

2  6 

60.000 

Fall  in  first  2+ 
hours 

Animal  House.  7.  rboJenenst 


Number 
White  Rats 

Weight 
in  grams 

Incubation 

Duration 
of  life 

Number  of 
Trypanosomes 
inoculated 

Number  of 
divisions  in 
first  24  hours 

Rat  17  . 

62 

4 

8 

38,000 

A  fall 

Rat  16  . 

58 

4 

13 

200,000 

8  divisions 

Cold  Chamber.  7.  rbodesieme 


Number 
White  Rat 

Weight 
in  grams 

Incubation 

Duration 
of  life 

Number  of 
Trypanosomes 
inoculated 

Number  of 
divisions  in 
first  24  hours 

R;*t  47  . 

9° 

6 

1 1 

38,000 

4  divisions 

It  will  be  noted  from  the  above  that  the  average  incubation 
period  of  those  in  the  cold  chamber  was  6  3  days,  whereas  the 
incubation  period  of  the  control  was  4  8  days. 

I  he  average  life  in  the  cold  was  16  3  days,  and  the  average  of 
those  in  the  animal  house  was  14  2  days. 

Rat  23  is  the  control  of  Rat  45.  Rats  27  and  28  are  controls  of 
Rat  46.  Rat  17  is  the  control  of  Rat  47. 

W  e  now  append  a  table  of  the  daily  counts  of  the 
trx  panosomes  in  the  peripheral  blood  of  animals  treated  in  the 
.  °  ‘  These  counts  were  made  every  twenty-four  hours.  The 

incubation  period  is  stated  in  days,  and  we  define  it  as  the  period 

trypanosomes  are  first  found  in  one  quarter  cubic  millimetre 
of  peripheral  blood. 


5i3 


The  temperature  in  the  tables  is  recorded  according  to  the  haema- 
tothermic  scale  of  one  of  us  (R.R. ),  where  temp.  =  (F.  —  95)  x  10; 
F.  being  the  temperature  in  degrees  Fahrenheit  recorded  by  a 
clinical  thermometer.  Temperature  was  taken  in  all  cases  per 
rectum.  The  counts  of  Guinea-pigs  1  and  2  are  not  given.  For  the 
counts  of  Guinea-pigs  3  and  4  see  paper  on  ‘  Enumerative  Studies  on 
Trypanosomes,’  by  Fantham  and  J.  G.  Thomson,  where  Guinea-pig 
3  is  numbered  as  7,  and  Guinea-pig  4  is  numbered  as  6. 


Guinea-pig  5.— Cold  Chamber.  T.  * ambttnse .  Incubation  period  19  days.  Duration  of 

life  102  day* 


Day  . 

20  21  22 

23 

24 

25 

26 

27 

Number  of  Trypanosomes  per 
c.mm . 

4  '6  53 

28 

1 2 

24 

32 

4° 

Temp . 

55  82  82 

80 

80 

— 

83 

95 

Weight  in  grams  . 

— 

-  648 

— 

— 

Day  . 

28 

29 

3° 

3> 

32 

33 

34 

Number  of  Trypanosomes  per 
c.mm . 

92 

1,060 

2,208 

5,568 

7,108 

10,476 

VO 

O 

00 

4 

Temp . 

86 

82 

80 

74 

— 

86 

87 

Weight  in  grams  . 

— 

603 

— 

— 

— 

Day  . 

35 

36 

37 

38 

39 

40 

4' 

Number  of  Trypanosomes  per 
c.mm . 

4,192 

160 

408 

200 

— 

3  °° 

684 

Temp . 

84 

81 

90 

80 

— 

82 

80 

Weight  in  grams  . 

608 

— 

~ 

— 

Day  . 

42 

43 

44 

45 

|  * 

47 

48 

Number  of  Trypanosomes  per 
c.mm . 

_ 

— 

1,040 

1,520 

- 

2,880 

Temp . 

— 

— 

88 

— 

— 

Weight  in  grams  . 

G(. 


Guinea-pig  5 — continued. 


Day 

1  49 

5° 

5« 

52 

53 

54 

55 

Number  of  Trypanosomes  per 
c.mm.  ...  ...  . 

5.344 

— 

— 

21,252 

— 

19,136 

9.7“ 

Temp.  ...  ...  . 

80 

— 

— 

86 

— 

82 

- 

Weight  in  grams  . 

— 

— 

— 

— 

— 

- 

Ciiinka-pig  6. — Cold  Chamber.  T.  gamkientt.  Incubation  period  six  days.  Duration  of  life 
93  da_v*.  Killed  accidentally  by  COt  anaesthejia 


Day 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

Tryps. 

Temp. 

— 

— 

_ 

_ 

_ 

_ 

present 

Weight  in  grams  . 

— 

— 

— 

— 

— 

- 

Leucocytes 

— 

— 

— 

- 

- 

Day  ...  . 

8 

9 

IO 

1 1 

12 

'3 

>4 

Number  of  Trypanosomes  per 
c.mm.  ... 

_ 

Temp. 

— 

_ 

Weight  in  grams 

— 

— 

_ 

_ 

Leucocytes 

- - 

-  i 

— 

- 

- 

5 1 5 


Guinea-pig  6 — continued. 


Day  . 

22 

23 

24 

25 

26 

27 

28 

Number  of  Trypanosomes  per 
c.mm . 

I7.W 

18,384 

29-348 

9,200 

4-032 

3-488 

2,640 

Temp . 

90 

86 

93 

96 

94 

92 

86 

Weight  in  grams  . 

562 

— 

— 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

3', 096 

23,000 

— 

— 

— 

Day  . 

29 

3° 

, 

32 

33 

34 

35 

Number  of  Trypanosomes  per 
c.mm.  . 

2.880 

8S0 

>2 

•44 

416 

1,716 

3,526 

Temp . 

94 

88 

— 

9' 

97 

88 

86 

Weight  in  grams  . 

— 

— 

— 

— 

— 

— 

5*5 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

Day  . 

36 

37 

38 

39 

40 

4' 

42 

Number  of  Trypanosomes  per 
c.mm . 

4,366 

10,504 

— 

15,420 

'3-38o 

— 

— 

Temp . 

86 

80 

— 

78 

75 

.  — 

— 

Weight  in  grams  . 

— 

— 

— 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

Day  . 

43 

44 

45 

46 

47 

48 

49 

Number  of  Trypanosomes  per 
c.mm . 

840 

840 

— 

— 

2,016 

4,620 

Temp . 

80 

— 

— 

— 

— 

78 

— 

Weight  in  grams  . 

— 

— 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

Day  . 

5° 

S' 

52 

53 

54 

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

24,128 

— 

66,700 

57, '20 

- 

— 

Temp . 

— 

74 

— 

82 

— 

— 

Weight  in  grams  . 

!  — 

— 

— 

— 

— 

Leucocytes  . 

1 

9,648 

— 

21,460 

10,640 

Guinea-pig  7. — Weight  623  gram?.  Cold  Chamber.  Do»e  of  inoculation :  4,000,000. 

T.  gambiense 


Day 

■ 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

— 

— 

— 

— . 

— 

— 

Leucocytes 

— 

— 

48,000 

— 

— 

- 

- 

Temp. 

76 

88 

96 

86 

80 

9° 

Weight  in  grams  ... 

623 

59+ 

Day 

8 

9 

10 

n 

12 

'3 

•4 

Number  of  Trypanosomes  per 
c.mm.  ... 

— 

_ 

_ 

_ 

— 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

- 

Temp. 

84 

90 

82 

— 

82 

80 

80 

Weight  in  grams  . 

— 

— 

— 

— 

— 

- 

- 

Day  . 

*5 

16 

>7 

18 

«9 

20 

21 

Number  of  Trypanosomes  per 
c.mm.  ...  ... 

— 

_ 

40 

O 

156 

176 

426 

Leucocytes  . 

— 

— 

_ 

_ 

_ 

_ 

- 

Temp. 

80 

80 

79 

_ 

*0 

7* 

Weight  in  grams  . 

570 

— 

“ 

— 

- 

- 

Day  . 

2.3 

24 

*5 

26 

*7 

28 

Number  of  Trypanosomes  per 

c.mm.  ... 

408 

600 

2,688 

2,800 

16,640 

3o84 

2,688 

Leucocytes 

— 

_ 

— 

Temp. 

82 

82 

80 

74 

88 

Weight  in  grams 

— 

— 

— 

— 

— 

- 

■ 


5*7 

Guinea-pig  7 — continued. 


Day  . 

29 

3° 

3' 

3* 

33 

34 

35 

Number  of  Trypanosomes  per 
. . 

600 

2,448 

11,852 

13,104 

1 5,708 

14,900 

9,680 

Leucocytes  . 

— 

- 

5, *44 

13,000 

47,256 

27,800 

3', 3*8 

Temp.  . 

84 

86 

“  1 

80 

74 

84 

Weight  in  grams  . 

533 

— 

— 

1 

— 

Day  . 

36 

37 

38 

39 

40 

+  ‘ 

4* 

Number  of  Trypanosomes  per 
c.mm.  ... 

10,480 

22,720 

'7,57* 

39,67* 

42,240 

30,000 

46,240 

Leucocytes  . 

24,160 

15,920 

33,396 

15,200 

— 

39,672 

— 

Temp . 

7? 

78 

74 

7° 

76 

74 

Weight  in  grams  . 

— 

— 

— 

Day  . 

43 

44 

45 

46 

47 

48 

49 

Number  of  Trypanosomes  per 
c.mm . 

— 

195,000 

108.000 

36,000 

46,880 

39,700 

55,5*4 

68,040 

Leucocytes  . 

15,632 

*3,47* 

— 

33,9*0 

17,640 

11,424 

",77* 

Temp . 

82 

53 

86 

70 

70 

82 

Weight  in  grams 

608 

— 

— 

— 

596 

Day  . 

5° 

5i 

52 

53 

54 

55 

56 

Number  of  Trypanosomes  per 
c.mm . 

55,680 

93,280 

43,200 

65,668 

66,176 

19.440 

46,400 

Leucocytes  . 

Temp . 

4,000 

82 

8,500 

80 

82 

16,588 

i  ~~ 

78 

1 

80 

78 

Weight  in  grams  . 

— 

— 

t 

'  - 

Day  . 

•|  57 

58 

59 

60 

61 

62 

63 

Number  of  Trypanosomes  per 
c.mm . 

•  5*»376 

70,056 

28,800 

44,800 

21,160 

37,296 

62,160 

Leucocytes 

Temp. 

5° 

80 

81 

— 

95 

85 

Weight  in  grams  . 

•  58' 

— 

Guinea-pig  7 — continued. 


Day 

64 

65 

66 

67 

68 

69 

70 

Number  of  Trypanosomes  per 
c.mm.  ... 

— 

65,296 

56,800 

41,920 

46,720 

69,840 

36,64c 

Leucocytes 

— 

— 

— 

— 

- 

- 

Temp. 

90 

— 

— 

— 

78 

— 

- 

Weight  in  grams 

622 

— 

— 

— 

— 

— 

— 

Day  . 

7» 

72 

73 

74 

75 

- 

- 

Number  of  Trypanosomes  per 
c.mm.  ... 

70,664 

64,584 

21,672 

6,880 

Dead 

— 

- 

Leucocytes 

— 

— 

— 

— 

— 

- 

- 

Temp. 

— 

— 

— 

— 

— 

- 

- 

Weight  in  grams  . 

- 

— 

— 

— 

— 

— 

— 

Guivfa-pig  8. — Cold  Chamber.  Weight  350  grams.  Dose  of  inoculation:  500,000 
T.  rbodesiense.  Incubation  period  13  days.  Duration  of  life  120  days. 


Day 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

_ 

— 

Leucocytes 

— 

35,000 

— 

18,304 

29,456 

32,208 

10,208 

Temp. 

— 

78 

82 

80 

— 

72 

83 

Weight  in  grams  . 

— 

35° 

— 

— 

— 

- 

- 

Day 

8 

9 

10 

I  I 

12 

13 

14 

Number  of  Trypanosomes  per 
c.mm.  ... 

_ 

8 

Leucocytes 

9.408 

3,584 

22,512 

10,920 

12,012 

32,256 

18,64c 

Temp. 

83 

68 

80 

76 

_ 

74 

82 

Weight  in  grams 

— 

— 

— 

— 

— 

- 

- 

Guinea-pig  8 — continued. 


Day  . 

»5 

16 

*7 

18 

*9 

20 

21 

Number  of  Trypanosome*  per 
c.mm.  ... 

z 

8 

4 

12 

16 

40 

8 

Leucocytes  . 

— 

*4.352 

— 

— 

— 

— 

— 

Temp . 

80 

82 

76 

77 

— 

70 

76 

Weight  in  grams  . 

— 

369 

— 

— 

— 

— 

— 

Day  . 

22 

23 

24  * 

25 

26 

27 

28 

Number  of  Trypanosomes  per 
c.mm . 

16 

360 

612 

2,352 

4,060 

356 

480 

Leucocytes  . 

— 

11,760 

21,692 

— 

30,740 

— 

— 

Temp. 

84 

80 

84 

92 

— 

86 

84 

Weight  in  grams  . 

— 

387 

— 

— 

— 

— 

Day  . 

29 

3° 

3' 

32 

33 

34 

35 

Number  of  Trypanosomes  per 
c.mm . 

6,440 

6,720 

3, '92 

4,320 

6,216 

'3,376 

9,760 

Leucocytes 

— 

— 

- 

— 

— 

— 

— 

Temp . 

86 

80 

81 

79 

— 

— 

92 

Weight  in  grams  . 

— 

410 

— 

— 

— 

Day  . 

36 

37 

38 

39 

40 

4' 

42 

Number  of  Trypanosomes  per 
c.mm.  ... 

'7.432 

10,000 

5,760 

7,36° 

7,920 

12,800 

4,000 

Leucocytes  . 

— 

— 

— 

— 

— 

— 

— 

Temp . 

82 

83 

— 

— 

— 

87 

— 

Weight  in  grams  . 

— 

443 

— 

— 

— _ _ 

Day  . 

43 

44 

45 

46 

47 

48 

49 

Number  of  Trypanosomes  per 
c.mm . 

7.632 

2,784 

40,152 

9,240 

8,064 

10,184 

14,240 

Leucocytes  . 

— 

— 

— 

— 

Temp . 

— 

— 

— 

— 

Weight  in  grams  . 

— 

— 

— 

- - 

Guinea-pig  8 — continued. 


Day 

5° 

5* 

52 

S3 

54 

55 

56 

Number  of  Trypanosomes  per 
c.mm.  ...  . 

2,000 

5-376 

8,800 

2,800 

— 

15,840 

n, 264 

Leucocytes 

— 

— 

— 

— 

— 

— 

- 

Temp. 

— 

— 

— 

— 

— 

— 

- 

Weight  in  grams 

— 

— 

— 

— 

— 

CRYOTHERAPY  EXPERIMENTS 

Rat  23. — Piebald  adult,  weight  173  grams.  Control  in  Animal  House.  Dose  of  inoculation: 

2,000,000  T.  gambiense 


Day 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

— 

_ 

— 

120 

Temp. 

55 

40 

50 

50 

44 

34 

5‘ 

Leucocytes 

— 

29,000 

— 

— 

- 

- 

Weight  in  grams 

*73 

— 

— 

— 

Day  . 

8 

9 

to 

1 1 

12 

•3 

>4 

Number  of  Trypanosomes  per 
c.mm.  ... 

48.000 

— 

69,728 

125,860 

•9-764 

600 

9,280 

60,712 

Temp. 

45 

65 

5° 

— 

5° 

66 

38 

Leucocytes 

— 

— 

— 

•7>7'2 

- 

- 

Weight  in  grams 

167 

— 

— 

— 

Day 

•5 

16 

•7 

18 

•9 

- 

Number  of  Trypanosomes  per 
c.mm.  ... 

130,000 

142,000 

100,000 

250,000 

164,000 

- 

Temp. 

34 

4° 

55 

— 

1 1 

— 

- 

Leucocytes  . 

— 

— 

_ 

_ 

— 

- 

Weight  in  grams  . 

160 

— 

521 


RaT  27.— White  adult,  weight  113  grants.  Control  in  Animal  House.  Inoculation  dose  : 

60,000  T.  t; ambiensf 


Day  . 

I 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . 

— 

— 

120 

14,310 

Temp . 

61 

49  1 

32 

12 

44 

-  j 

5 

Leucocytes  . 

— 

— 

— 

— 

Weight  in  grams  . 

1  *3 

— 

1 12 

— 

— 

Day  . 

8 

9 

J 

IO 

1 1 

12 

13 

•4 

Number  of  Trypanosomes  per 
c.mm . 

101,740 

1 46,880 

69,400 

23,276 

55,224 

67,096 

57, 552 

Temp . 

40 

44 

36 

36 

35 

— 

Leucocytes  . 

— 

— 

— 

— 

Weight  in  grams  . 

— 

— 

— 

Day  . 

0 

— 

- 

— 

— 

Number  of  Trypanosomes  per 
c.mm . 

6,120 

Dead 

— 

— 

— 

— 

— 

Temp . 

— 

— 

— 

— 

Leucocytes  . 

f 

— 

— 

Weight  in  grams  . 

•i  - 

— 

— 

_ _ 

Rat  28.— White  adult,  we 

ght  tot  grams.  Control  in 
60,000  T.  gambiense 

Animal  House.  Inoculation  dose  : 

_ _ 

- - — - - 

T 

Day  . 

•j  ' 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  pe 
c.mm . 

Temp . 

•  •  59 

-1- - 

70 

_ 

43 

42 

4° 

256 

2,808 

56 

Weight  in  grams 

IOI 

— 

98 

— 

Rat  28 — continued. 


Day 

8 

9 

10 

11 

12 

13 

>4 

Number  of  Trypanosomes  per 
c.mm.  ... 

4,4i6 

3,648 

24,904 

90,509 

118,700 

143,520 

270,000 

Temp. 

44 

42 

34 

26 

24 

•v 

40 

Weight  in  grams 

— 

_ 

— 

— 

_ 

- 

Day 

15 

l6 

17 

18 

— 

- 

- 

Number  of  Trypanosomes  per 
c.mm.  ... 

100,0050 

200,600 

6,048 

Dead 

_ 

_ 

_ 

Temp. 

78 

42 

— 

— 

— 

— 

— 

Weight  in  grams  . 

— 

— 

88 

— 

— 

- 

CRYOTHERAPY  EXPERIMENTS 


Rat  4?.— Cold  Chamber.  Lowest  temp.  20°  F.  Weight  270  grams.  Dose  of  inoculation : 

2,000,000  T.  gambtense 


Day 

I 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

54 

— 

— 

— 

— 

— 

60 

Temp. 

70 

60 

— 

56 

52 

Weight  in  grams 

Leucocytes 

270 

— 

— 

— 

- 

- 

45,000 

— 

— 

— 

Day 

O 

O 

9 

10 

1 1 

12 

Number  of  Trypanosomes  per 

c.mm.  ...  v 

Temp. 

92 

24,012 

480 

430 

1,100 

— 

' 

Weight  in  grams 

5° 

246 

54 

57 

— 

0 

— 

— 

_ 

_ 

_ 

— 

Leucocytes 

_ 1 

— 

— 

— 

- 

- 

Rat  46. — Cold  Chamber.  Weight  113  grams.  Dose  of  inoculation:  60.000  T.  gambiense 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm . 

— 

— 

— 

— 

— 

— 

3,608 

Temp . 

60 

60 

5° 

78 

60 

63 

Weight  in  grams 

113 

— 

1 1 1 

— 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

— 

• 

Day  . 

8 

9 

IO 

1 1 

12 

>3 

'4 

Number  of  Trypanosomes  per 
c.mm . 

3456 

2-352 

8,640 

2,400 

7,100 

3-,04 

13,024 

Temp. 

62 

50 

62 

60 

56 

— 

— 

Weight  in  grams  . 

— 

— 

— 

— 

Leucocytes  . 

— 

— 

— 

— 

Day  . 

'5 

16 

>7 

.8 

*9 

20 

21 

Number  of  Trypanosomes  per 
c.mm . 

40,120 

63.480 

11.448 

61,560 

16,416 

28,188 

46,980 

Temp. 

40 

52 

5° 

55 

— 

— 

70 

Weight  in  grams  . 

— 

— 

•25 

— 

— 

— 

Leucocytes 

14,260 

— 

>2,236 

26,432 

22,736 

23,160 

Day  . 

22 

23 

24 

25 

_ 

26 

27 

— 

Number  of  Trypanosomes  per 
c.mm . 

85^20 

82,080 

393->20 

350,000 

225,680 

Dead 

— 

Temp . 

68 

63 

34 

58 

5° 

Weight  in  grams  . 

Leucocytes  . 

8,136 

20,832 

23,000 

25,688 

— 

524 


Rat  17. — While,  weight  62  grams.  Animal  House.  Dose  of  inoculation:  38,400  7.  rbtietmu 


Day  . 

1 

2 

3 

L L 

5 

6 

7 

8 

Number  of  Trypanosomes  per 
c.mm.  ...  . 

— 

— 

1,500 

500 

1.380 

4-0*8 

Leucocytes 

— 

— 

— 

— 

38.700 

— 

- 

- 

TemP . 

— 

5° 

3° 

56 

5° 

— 

— 

70 

Rat  16. — White,  weight  58  grams.  Animal  House.  Dose  of  inoculation  :  200,00c 

7.  rbodestensr 


Day 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

— 

'  '  1 

- 

— 

104 

37,000 

30,240 

Leucocytes 

— 

9.204 

14,000 

21,060 

10,468 

30,800 

28,000 

Temp. 

42 

44 

36 

— 

44 

46 

Day  . 

8 

9 

10 

11 

12 

‘3 

- 

Number  of  Trypanosomes  per 
c.mm.  ... 

126,000 

86,640 

121,600 

189,000 

160,800 

No  count 

Leucocytes 

18,584 

27.360 

16,340 

38,124 

8.416 

— 

- 

Temp. 

34 

52 

20 

34 

18 

- 

Rat  47.  Cold  Chamber.  Weight  90  grams.  Dose  of  inoculation  :  38.400  7.  rbodtsittu/ 


Day 

I 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
c.mm.  ... 

' 

5,1*4 

Leucocytes  . 

— 

— 

_ 

_ 

_ 

- 

Temp. 

— 

5° 

45 

5° 

40 

- 

Day  . 

8 

9 

10 

1 1 

_ 

__ 

_ 

Number  of  Trypanosomes  per 
c.mm.  ... 

82.818 

230,000 

106,000 

330,000 

— 

Leucocytes 

_ 

_ 

_ 

Temp. 

40 

66 

—  | 

36 

- 

- 

- 

525 


The  conclusions  to  be  drawn  from  the  above  experiments  are 
therefore  in  favour  of  treatment  in  the  cold.  The  resistance  of  the 
animal  is  evidently  raised,  for  the  incubation  period  is  delayed, 
and  the  animal  lives  longer  in  the  cold.  In  favour  of  the  cold 
also,  we  have  the  evidence  of  the  patient,  W.A.,  who  said  he  felt 
better  when  in  the  cold  chamber.  What  the  physiological  action  of 
cold  is  we  are  not  prepared  in  our  present  state  of  knowledge  to 
state,  but  we  certainly  think  that  a  person  warmly  clad  is 
beneficially  acted  upon  by  a  cold,  dry  atmosphere,  and  we  would 
suggest  that  patients  suffering  from  sleeping  sickness  would  be 
greatly  benefited  by  a  sojourn,  say,  in  Canada  or  Switzerland.  1  he 
cold  seems  to  be  a  valuable  therapeutic  agent  in  treatment. 

We  must  acknowledge  the  fact  that  much  more  must  be  done 
in  this  investigation  before  definite  conclusions  are  drawn,  but 
the  results  have  been  so  encouraging  that  we  think  they  ought  to 
be  made  known  at  once. 


IV.  X-RAYS 

A  young  piebald  rat,  weighing  77  grams  was  inoculated  with 
the  Rhodesian  strain  of  trypanosomes. 

Here  we  have  to  thank  Dr.  Morgan,  in  charge  of  the  Electrical 
Department  at  the  Royal  Southern  Hospital,  who  kindly  advised 
us  in  the  administration  of  the  rays.  I  he  exposures  to  the  rays 
were  given  by  Miss  Wells,  an  experienced  worker,  under  the 
supervision  of  Dr.  Morgan.  The  rat  lived  fifteen  days,  and  we  can 
therefore  say  that  this  animal’s  life  was  prolonged,  when  compared 
with  the  average  life  of  twenty-two  untreated  rats,  which  was 
1 1'3  days. 

In  spite  of  five  exposures,  each  of  twenty  minutes  duration, 
during  which  period  the  whole  body  of  the  rat  was  exposed  to  the 
direct  action  of  the  rays,  the  trypanosomes  remained  lively  and 
increased  steadily  in  number  in  the  peripheral  circulation. 

The  rays  were  not,  therefore,  trypanocidal  in  the  exposures 
given  by  us,  but,  curiously  enough,  the  life  of  the  animal 
prolonged. 
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We  append  table: 


Rat  50. — Piebald,  weight  77  gram*.  Do»e  of  inoculation  :  200.000  Trypanosome* 

T.  rbodesiensr 


Day 

r 

2  1  3 

4 

5 

6 

7 

% 

Number  of  Trypanosomes  per 
c.mm.  ... 

X-rays  for  20  minutes  ... 

— 

—  60 

“  1  ~ 

32,256 

— 

227,840 

X-ray» 

305.376 

287.776 

X-ray* 

350,00 

Day 

9 

10 

1 1 

12 

*3 

*4 

'5 

Number  of  Trypanosomes  per 
c.mm.  ... 

X-rays  for  20  minutes  ... 

252.320 

350,000 

350,000 

X-rays 

410,000 

366,000 

X-ray* 

430,000 

-  1 

323.84c 

X-ray* 

1  he  animal  always  seemed  to  brighten  up  during  the  exposure 
to  the  rays.  I  he  trypanosomes,  it  will  be  noted,  increased  in 
numbers  in  the  peripheral  circulation  after  each  exposure,  and  we 
would  conclude  that  there  was  no  destruction  of  the  trypanosomes. 
I  his  is  exactly  in  line  with  the  experiments  made  by  one  of  us  (R.R.) 
several  years  ago,  who  found  that  exposure  of  the  trypanosomes 
v**ro  to  the  influence  of  X-ray  had  no  trypanocidal  action. 


V.  LEUCOCYTIC  EXTRACT 

This  experiment  was  carried  out  at  the  suggestion  of  Dr. 
Moore  Alexander,  Pathologist  to  the  Royal  Southern  Hospital,  and 
he  very  kindly  prepared  the  extract  for  us. 

A  white  rat,  weighing  120  grams,  was  inoculated  with  the 
10  esian  strain  of  trypanosomes,  and  the  disease  was  allowed  to 
cu  ate.  On  the  twelfth  day,  when  the  trypanosomes  numbered 
9.000  per  c.mm.,  we  injected  subcutaneously  o' 5  c.c.  of  leucocytic 
extract.  The  following  day  the  trypanosomes  numbered  220,800 per 
c.mm.,  and  the  leucocytes  rose  from  8,160  per  c.mm.  to  10,764  per 

T'  .  ammal  1,ved  fourteen  days.  We  cannot,  therefore,  draw 
conclusions  here,  and  much  further  work  will  have  to  be  undertaken 

t  °rC  WG  concIude  as  to  the  value  of  leucocytic  extract  in 
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We  append  table  :  — 

pAT  jj. — White,  weight  izo  grams.  Dose  of  inoculation:  200,000  Trypanosomes 

T.  rbodesiensc 


Day  . 

1 

2 

3 

4 

5 

6 

7 

Number  of  Trypanosomes  per 
. . 

— 

— 

— 

— 

48 

27.720 

76,960 

!  eucocytes  . 

— 

— 

5,680 

— 

19,040 

Leucocytic  extract  . 

— 

Day  . 

8 

9 

to 

1 1 

12 

'3 

'4 

Number  of  Trypanosomes  per 
c.mm . 

1 1.760 

1 1,960 

66.360 

13.272 

89,000 

220,800 

472.000 

Leucocytes  . 
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INTRODUCTION 

lt  is  now  a  well-recognised  fact  that  the  erythrocytes  into* 
preparations  of  the  blood  of  sleeping  sickness i  cases  ^  ^  ^ 
infected  with  trypanosomiasis  frequent  y  ex  n 
marked  degree  of  agglutination.  Attention  *»*£*££ 
phenomenon  in  ^  by  Kanthack  Dmham  and^Bland^  ^ 
found  that  the  red  blood  cells  o  _ _ _ _ 

•Reprinted  from  P'oc.  Roy.  Soc.,  B.  Vol.  LXX*IIX^  P  *  Vq,  LXIV)  p.  100. 
t '  On  Nagana  or  Tsetse  Fly  Disease,  Roy.  Soc.  P  9 
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instead  of  forming  rouleaux,  tended  to  clump  together  into  masses 
and  to  lose  their  outlines. 

More  recently  Christy* * * §  (1904).  Dutton  and  1'oddt  (1905), 
Martin,  Lebceuf  and  Roubaud*  (1906-8),  and  others  have  described 
a  similar  condition  in  fresh  preparations  of  the  blood  of  patients 
suffering  from  sleeping  sickness. 

Dutton  and  Todd,§  referring  to  this  condition  of  the  blood, 
wrote :  ‘  Only  once  have  we  had  the  opportunity  of  observing  a 

*  patient  (European'  from  whose  blood  trypanosomes,  once  present, 

*  have  finally  disappeared.’  In  this  instance  auto-agglutination  ot 
the  red  cells  disappeared  with  the  parasites. 

Later,  it  has  been  noted  by  many  investigators!  that  the 
phenomenon  gradually  disappears  in  animals  after  the  successful 
drug  treatment  of  the  disease. 

In  spite  of  the  fact  that  auto-agglutination  of  the  red  cells  in 
trypanosomal  infections  has  attracted  so  much  attention,  very  little 
work  appears  to  have  been  done  with  a  view  to  determining  the 
nature  of  the  changes  in  the  blood  which  lead  to  its  m an i testation. 
Most  of  the  workers  have  contented  themselves  with  simply 
recording  the  presence  of  the  phenomenon.  So  far  as  I  have  been 
able  to  ascertain  from  a  search  of  the  literature,  only  two  authors 
mention  any  details  regarding  the  mechanism  of  its  production. 

Kanthack,  Durham  and  Blandford  stated  that  the  serum  of  the 
blood  of  animals  exhibiting  auto-agglutination,  when  added  to 
normal  blood  of  the  same  species  of  animal,  caused  the  red 
corpuscles  to  clump  together.  On  the  other  hand,  at  a  recent 
meeting  of  the  Society  of  Tropical  Medicine  and  Hygiene,  in  the 

*  1  Sleeping  Sickness,’  British  Medical  Journal,  1904,  p.  1456. 

t  ‘  Gland  Puncture  in  Trypanosomiasis.’  Memoir  of  the  Liverpool  School  of  Tropical  Medicine. 
1905,  No.  16.  p.  99. 

.  Rapport  de  la  Mission  d  Etudes  tie  la  Maladie  du  Sommeil  au  Congo  Fran^ais,  1906-8,  p.  *8i- 

§  Lor.  eit. 

II  Thomas  and  Breinl,  ‘  Pathology  and  Treatment  of  Trypanosomiasis,’  Memoir  of  the  Liverpool 
School  of  Tropical  Medicine,  1905,  No.  16. 

Mcsnil,  Nicolle.  and  Aubcrt,  ‘  Rcchcrchcs  sur  le  Traitement  des  Infections  Experimental^ 
a  T.  gamhtense,'  Annales  de  l’lnstitut  Pasteur,  1907,  Vol.  XXI,  p.  1. 

and  Thiroux.  ‘Sur  le  Traitement  des  Trypanosomiases,'  Bulletin  Soc.  Path.  Exot.. 

Martin  and  Darre,  ‘  Surges  Symptomes  Ncrveux  du  D£but  de  la  Maladie  du  Sommeil.'  Bulletin 
Soc.  Path.  Exot.,  1908,  p.  15. 


discussion  following  Dr.  Bagshawe’s  paper  on  ‘  Recent  Advances 
in  our  Knowledge  of  Sleeping  Sickness,’  Breinl  remarked  that  with 
regard  to  its  (auto-agglutination)  mechanism  he  had  not,  up  to  the 
present,  been  able  to  arrive  at  any  definite  conclusions.  All  his 
attempts  to  isolate  a  haemagglutinin  had  failed,  and  he  had  not 
been  able  to  demonstrate  either  an  iso-  or  an  auto-agglutinin.  Dr. 
Xierensteint  had  shown  that  in  trypanosomiasis  a  definite  increase 
of  the  acidity  of  the  blood  occurred.  This  was  most  probably  due 
to  an  increase  of  the  amino-acids  in  the  blood,  and  Breinl  and 
Xierenstcin  inclined  to  the  view  that  auto-agglutination  was  caused 
by  this  excess  of  amino-acids.  Unfortunately,  they  had  not  so  far 
been  able  to  find  a  definite  proof  of  the  correctness  of  this 
conception. 

The  results  obtained  by  these  investigators  are  thus  somewhat 
conflicting,  for  whereas  Kanthack,  Durham,  and  Blandford  found 
an  iso-agglutinin  in  the  serum  of  certain  animals  infected  with 
T.  brucei,  Breinl  was  unable  to  demonstrate  the  existence  of  either 
an  auto-  or  an  iso-agglutinin. 


EXAMINATION  OF  SERUM  OF  INFECTED  ANIMALS 
FOR  AUTO-AGGLUTININ 

Having  under  observation  a  number  of  animals,  the  blood  of 
which  when  examined  in  cover-slip  preparations  exhibited  the 
phenomenon  of  auto-agglutination  to  a  greater  or  less  degree,  it  was 
decided  to  perform  experiments  with  a  view  to  investigating  the 
mechanism  of  its  production. 

Technique.— The  blood  was  collected  in  a  solution  containing 
i  per  cent,  sodium  citrate  and  o'Q  per  cent,  sodium  chloride  in 
distilled  water.  The  blood  was  then  centrifugalised  and  the 
corpuscles  washed  three  times  in  normal  saline  solution.  A  5  per 
cent,  suspension  of  the  washed  red  cells  was  then  made  in  normal 
saline.  Another  sample  of  the  same  blood  was  collected  and 
allowed  to  clot  and  the  serum  subsequently  freed  from  the  clot  by 
centrifugal  isation.  • 


*  Trans.  Soc.  Trop.  Med.  and  Hygiene,  1909,  p.  29.  . 

t '  Observations  on  the  Acidity  and  Alkalinity  of  the  Blood  in  Trypanosome  Infectmns.  Annals 
of  Tropical  Medicine  and  Parasitology,  iqoS.  p.  227 


Equal  amounts  of  the  serum  and  emulsion  of  red  corpuscles 
were  then  mixed  together  and  drawn  up  into  a  capillary  tube  which 
was  placed  vertically  in  the  incubator  at  370  C. 

The  results  of  such  experiments  may  be  briefly  summarised. 
With  the  exception  of  a  few  cases  in  which  there  appeared  to  be  a 
trace  of  agglutination  they  were  all  negative.  Similar  negative 
results  were  obtained  when  the  sera  were  examined  for  the  presence 
of  iso-agglutinins  and  also  when  the  serum  was  replaced  bv  citrated 
plasma. 


At  first  one  was  somewhat  at  a  loss  to  account  for  these 
apparently  conflicting  results,  as  even  the  sera  of  animals 
where  the  cover-slip  preparations  exhibited  the  most  marked 
auto-agglutination  of  the  red  cells  gave  invariably  negative  results 
when  examined  for  auto-  and  iso-agglutinins  by  this  method. 

Later  it  was  observed  that  when  the  blood  from  one  of  the 
infected  animals  was  allowed  to  flow  from  a  vein  of  the  ear  into 
.1  watch-glass  containing  a  small  amount  of  citrated  saline  solution, 
the  red  cells  quickly  sank  to  the  bottom  in  little  clumps,  producing 

T  H^*rked  dCgree  thc  sandy  aPpearance  described  by  Dutton  and 
0  •  When,  however,  the  watch-glass  and  salt  solution  were 

nie  to  37  C.  and  the  blood  dropped  in  as  previously,  this 
appearance  did  not  result;  the  red  cells  remained  suspended  for 
a  considerable  time  and  only  subsided  gradually,  as  in  the  case  of 

.  00 c  •  S°  long  as  the  temperature  of  the  watch-glass  and 

salt  solution  was  kept  at  3/°C.,  no  agglutination  resulted,  but  as 
on  as  the  temperature  was  allowed  to  fall  to  about  18°  C.,  the 

was  obtained  t0?et^er  int°  tdumps  an^  the  typical  sandy  appearance 


c  e  ob  vat  served  to  ind.cate  rature  ved  an 

,hc  T2  m  deVe,°pment  of  the  Phenomenon.  Accordingly, 
of  tests  wereeXPrmef  but  this  occasion  three  sets 

the^^t^  r  7C  P,3Ced  “  incubator  at  3^, 
last  were  kept  in  L  ?  Y  temperature  (l8°  to  2'0C.),  ‘hc 
minutes  a  cert  a'  A  ^  *  1?St  ^  °C  Evcn  at  the  end  of  five 
noticeable  in  n  C^ree  cd  agglutination  of  thc  red  cells  was 
°me  °f  thc  tubes  which  had  been  placed  in  the  ice 

Tm.  dt,  - — - — -  - - . 
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chest,  whilst  in  fifteen  minutes  the  red  cells  in  most  of  them  were 
completely  agglutinated,  numerous  clumps  of  various  sizes  being 
visible  in  the  clear  serum.  The  reaction  was  also  distinct  in  many 
of  the  tubes  kept  at  the  laboratory  temperature,  but  it  was  neither 
so  marked,  nor  did  it  occur  so  quickly  as  in  those  subjected  to  the 
lower  temperature.  As  before,  no  agglutination — or  only- 
occasional  lv  a  trace — was  observable  in  the  tests  which  had  been 
placed  in  the  incubator  at  370  C. 

A  large  number  of  similar  experiments  were  subsequently 
performed  with  the  blood  of  monkeys,  donkeys,  goats,  dogs, 
rabbits,  guinea-pigs,  and  rats  infected  with  various  strains  of 
trypanosomes.  As  a  rule,  it  was  found  that  a  marked  degree  of 
agglutination  only  resulted  when  the  temperature  of  the  mixture 
of  serum  and  red  cells  was  lowered.  Very  exceptionally  slight 
traces  of  agglutination  were  also  seen  in  the  tests  carried  out  at 
370  C.,  but  these  could  not  be  compared  with  the  intensity  of  the 
reaction  at  low  temperatures. 

Quite  frequently  a  well-marked  auto-agglutination  was  found 
to  occur,  at  0°  C.,  in  the  control  tests  made  with  the  blood  of  normal 
animals.  I  shall  return  to  this  important  point  later. 


Iso-agglutination . — A  series  of  experiments  were  undertaken 
with  a  view  to  ascertaining  whether  the  sera  of  those  infected 
animals  which  possessed  the  property  of  agglutinating  t  eu  0 
red  cells  were  also  capable  of  producing  agglutination  of  the 
erythrocytes  of  other  animals  of  the  same  species.  n  every  case 
where  auto-agglutination  was  present,  iso-agglutination  was  found 
to  occur  when  the  serum  of  the  infected  animal  was,a^ 
red  cells  of  another  animal  (either  normal  or  infected)  of  the  sam 


species. 

Analogous  results  were  obtamed  with  the  blood  of  a  ^eo| 
human  trypanosomiasis  in  Major  Rosss  c  mic  in 
Cover-slip  preparations  of  the  blood  of  th.s  case  exhib.te ™ 
degree  of  Lo-agglutmation  during  the  six  months  he  was  rnnku 
observation.  The  following  table  gives  the  resute  of  an 
examination  of  his  blood,  drawn  ten  days  before  hrs  death, 
auto-  and  iso-agglutinins. 
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Table  I. — Examination  of  Sleeping  Sickness  Serum  for  Auto-  and  Iso-agglutinin 


Equal  volumes  of  serum  and  red  blood  cell 
suspension  used. 


5  per  cent,  suspension 
of  washed  erythrocytes 
in  normal  saline 
solution 

Source  from  which 
serum  was 
obtained 

Temp. 

Result 

°C. 

Sleeping  Sickness  . 

Sleeping  Sickness  . 

37 

No  agglutination 

in  30  mins- 

r8 

Marked 

30  ,. 

o 

Complete 

10  ,. 

Normal  individual  A  ... 

Sleeping  Sicknes-  . 

37 

No  agglutination 

in  3c  ,. 

18 

Complete  „ 

3° 

o 

*1  11 

JO  „ 

Normal  individual  11  ... 

Sleeping  Sickness  . 

37 

No  agglutination 

in  30  „ 

j8 

Marked 

30  n 

o 

Complete 

10  ,. 

Normal  individual  C  ... 

Sleeping  Sicknes*  . 

37 

No  agglutination 

in  ;o  „ 

iS 

Marked 

30 

o 

Complete 

10  „ 

Normal  individual  C  ... 

Normal  individual  C  . 

37 

No  agglutination  in  30  „ 

1  ,s 

1?  1? 

3°  .. 

o 

11  11 

30  ,, 

Normal  individual  C  ... 

Normal  individual  11  . 

37 

No  agglutination  in  30  ,. 

iS 

11  1? 

30  „ 

 1 

o 

Marked 

3°  n 

SPONTANEOUS  AGGLUTINATION  OF  THE  RED  CELL 
SUSPENSIONS 

On  laic  occasions  it  was  found  that  the  5  per  cent,  suspension 
.  U Ceds  wkich  had  been  washed  three  times  in  large  volumes 
9  pci  cent,  sodium  chloride  solution  underwent  a  spontaneous 
Ul,natlon  111  the  entire  absence  of  serum.  Indeed,  in  one  or  two 
where  the  animals  exhibited  an  extreme  degree  of 
agglutination,  some  difficulty  was  experienced  in  obtaining  an 
uspension  of  the  erythrocytes.  ]  he  probable  explanation  of 
'1  ontaneous  agglutination  is  that  it  was  due  to  the  absorption 
"  agg  utinm  from  the  plasma  by  the  red  cells  immediately  aftei 
16  bl°0d  Was  shed  the  cold  citrated  saline  solution. 
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This  difficulty  was  obviated  by  collecting  the  blood  in  warm 
citrate  solution,  and  then  rapidly  centri fugalising  and  decanting 
off  the  citrated  plasma.  The  red  cells  were  then  washed  thrice  in 
warm  normal  saline  solution.  Suspensions  prepared  in  this  way 
exhibited  no  tendency  to  spontaneous  clumping. 

It  might  be  mentioned  in  this  connection  that  Klein*  has 
succeeded  in  obtaining  agglutinating  solutions  by  grinding  up  with 
quartz  sand  the  well-washed  erythrocytes  of  certain  animals  (rabbit, 
dog,  hen,  and  guinea-pig,.  These  extracts  sometimes  agglutinated 
the  red  cells  of  other  animals,  and  frequently  also  the  erythrocytes 
of  the  same  kind  of  animal,  and  even  those  of  the  same  animal. 

ABSORPTION  OF  AGGLUTININ  BY  RED  CELLS 

Experiment. — To  one  volume  of  the  citrated  plasma  of  Rabbit 
896  (infected  with  T.  dimorphon  ,  which  caused  great  agglutination 
when  added  to  its  own  red  cells  and  to  those  of  normal  rabbits, 
were  added  five  volumes  of  the  undiluted  well-washed  red  cells  of 
the  same  animal.  The  mixture  was  then  divided  into  two  equal 
portions,  A  and  B.  A  was  placed  in  the  incubator  at  370  C.  and  B 
in  the  ice  chest  at  o°  C.  At  the  end  of  three  hours  the  extracted 
plasmas  were  separated  from  the  red  cells  by  centri fugalisation, 
and  were  examined  for  auto-  and  iso-agglutinins. 


Table  II. 

Equal  volumes  of  extracted  plasma  and  erythrocyte 
suspension  used.  Temp,  of  experiment  o°  C. 

Result 

5  per  cent,  suspension  of 
washed  erythrocytes  in 
normal  saline  solution. 

Extracted  plasma 

Rabbit  8q6  . 

A 

» 

A 

B 

Complete  agglutination  in  10  mins. 

No  agglutination  in  60  mins. 

Complete  agglutination  in  10  mins. 
Slight  agglutination  in  60  mins. 

1 

Normal  rabbit  . 

The  plasma  which  had  been  in  contact  with  the  red l  cells  at  o°  C. 
had  almost  completely  lost  its  agglutinating  action,  whilst  the  other 


.  ''Btimsa  zur  Keuntni.s  dor  Agglutination  rothK  Blutterpercheo,’  Wien.  Klin,  ttodi 
1902,  No.  16,  p.  41 3. 
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portion,  B,  which  had  been  placed  in  the  incubator,  had  retained 
its  auto-  and  iso-agglutinins  intact. 

The  following  observation  furnishes  additional  proof  of  the 
capacity  of  erythrocytes  to  absorb  haeinagglutinin  in  the  cold. 
Specimens  of  the  blood  of  a  number  of  infected  animals  were 
collected  in  sterile  tubes  and  placed  immediately  in  the  ice  chest  to 
clot.  After  six  hours  the  sera  were  separated  from  the  clots  by 
ccntri legalisation  and  were  examined  for  auto-  and  iso-agglutinins. 
In  several  cases  the  results  were  negative,  no  auto-  or  iso- 
agglutination  being  observed.  In  other  instances  the  red  cells  were 
found  to  be  clumped  to  a  greater  or  less  degree.  J'he  amount  of 
agglutinin  present  in  these  sera  was  then  compared  with  that 
occurring  in  the  citrated  plasma  of  the  same  animals  which  had  been 
separated  from  the  red  cells  at  37°  C.  1'hc  following  procedure 
was  adopted  :  The  serum  and  plasma  were  diluted  with  gradually 
increasing  amounts  of  o-9  per  cent,  sodium  chloride  solution,  and 
the  degree  of  dilution  observed  at  which  they  no  longer  caused 
complete  agglutination  of  a  given  volume  of  the  red  cell  suspension 
in  a  stated  time. 


The  results  obtained  with  one  of  the  animals  (Rabbit  1035- 
infected  with  T.  brucei)  are  given  in  tabular  form.  It  is  to  be 
observed  that  there  was  at  least  five  or  six  times  as  much  agglutinin 
in  the  plasma  which  had  been  separated  from  the  red  cells  at  37  C. 
as  in  the  serum  obtained  from  the  blood  which  had  been  allowed 
to  clot  in  the  ice  box. 


The  sera  of  the  other  animals  all  showed  a  considerable 
deficiency  in  agglutinin  as  compared  with  that  present  in  the  plasma 
of  the  same  animals. 

When  examining  the  blood  for  auto-agglutination  it  was  found 
diat  the  strongest  reactions  were  obtained  by  dropping  the  blood 
into  a  very  small  quantity  of  warm  citrated  saline  solution,  and 
then  separating  the  plasma  from  the  red  cells  as  speedily  as  possible 
with  the  centrifuge.  A  perhaps  even  more  satisfactory  method,  and 
one  in  which  the  dilution  of  the  plasma  by  the  citrate  is  avoided, 
is  to  use  the  defibrinated  plasma  obtained  by  shaking  the  blood  at 
a  sustained  temperature  of  between  370  and  40°  C.  in  a  bottle 
containing  a  few  glass  beads. 


Well  marked  agglutination  was  frequently  observed  when  the 
plasma  obtained  in  this  manner  was  added  to  a  5  per  cent, 
suspension  of  red  cells,  whilst  either  a  negative  or  only  slightly 
positive  result  was  obtained  with  the  serum  derived  from  blood 
which  had  clotted  at  laboratory  temperature  or  in  the  ice  chest. 


REVERSIBILITY  OF  THE  REACTION 


In  \ iew  oJ  the  tact  that  red  cells  absorb  agglutinin  to  a  much 
greater  extent  at  low  temperatures  and  only  slightly  at  higher 
temperatures  (370  to  40-  C.),  the  question  arises  as  to  whether  the 
absorption  ol  agglutinin  belongs  to  the  group  of  reactions  which 
have  been  designated  '  reversible.’  In  other  words,  will  raising  the 
temperature  ol  the  agglutinated  masses  of  red  cells  cause  the  clumps 
to  disintegrate  into  their  corpuscular  elements? 


Experiment. — One  volume  of  red  corpuscles  of  Rabbit  1022 
(infected  with  T.  gambiense)  was  added  to  twenty  volumes  of  the 
defibrinated  plasma  of  the  same  animal.  After  an  hour’s  sojourn 
in  the  ilc  chest  complete  agglutination  of  the  erythrocytes  was 
found  to  have  occurred.  After  stirring  the  clumps  up  thoroughly 
with  a  glass  lod  a  small  drop  of  the  suspension  was  placed  on  a 
i‘>\ei  slip  and  a  hanging  drop  preparation  made.  On  examining 
with  the  microscope  large  masses  of  agglomerated  red  blood  cells 
an  also  considerable  rouleaux  formation  were  seen.  The  mixture 
<  umped  led  cells  and  defibrinated  plasma  was  now  placed  in  the 
•  at°r  ,a*  37  C.  In  about  fifteen  minutes  the  clumps  were  no 
gei  \  isible,  and  the  erythrocytes  appeared  to  be  evenly  suspended 
ug  out  the  fluid.  A  hanging  drop  preparation  was  made  on 

^arm  anCl  cover_s^P-  As  long  as  the  temperature  was 

aine  at  ,7  C.  there  wras  no  tendency  to  agglutination.  When 

f,  SUSpenS,°n  vvas  aSa,n  co°led  to  o°  C.  agglutination  of  the  red 
‘-ells  reappeared  after  a  few  minutes. 

is  and  Similar  exPeriments  it  follows  that  the  reaction 

rean^erS13  e’  ^  P,lenomenon  disappearing  on  warming  and 
reappearing  on  cooling. 
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AUTO  AGGLUTINATION  IN  THE  BLOOD  OF  NORMAL 
ANIMALS 


Attention  has  already  been  drawn  to  the  fact  that  a  certain 
amount  of  auto-agglutination  was  frequently  observed  in  the 
control  tests  of  normal  blood.  Some  years  ago  Klein  found 
auto-agglutinin  to  be  present  in  the  serum  of  a  number  of  normal 
horses. 

Landsteinert  demonstrated  the  existence  of  a  similar  substance 
in  the  blood  of  rabbits,  horses,  dogs,  and  cattle. 

Other  writers,  on  the  contrary,  deny  the  existence  of 
auto-agglutinin  in  normal  blood.  Dudgeon^  in  a  recent  papei 
states  that  auto-agglutination  does  not  occur  in  normal  human 
blood. 

It  was  decided  to  re-investigate  this  subject  more  fully,  using 
the  blood  of  a  considerable  number  of  normal  animals  of  different 


kinds. 

Technique. — The  blood  was  obtained  from  a  convenient  vein, 
and  the  defibrinated  plasma  separated  from  the  red  corpuscles  at 
37°  C.  in  the  manner  already  described.  The  red  corpuscles  were 
washed  three  times  in  warm  saline  solution,  and  finally  a  5  Pei 
cent,  suspension  made  in  0'9  per  cent,  sodium  chloride  solution. 
Equal  volumes  of  the  defibrinated  plasma  and  red  cell  suspension 
were  drawn  up  together  into  three  fine  pipettes  which  were  then 
subjected  to  a  temperature  of  o  ,  15°,  and  37'  C.  respectively.  The 
pipettes  were  kept  in  the  vertical  position,  and  the  contents 
examined  for  auto-agglutination  with  the  aid  ol  a  lens  from  time 
to  time.  It  was  found  in  the  majority  of  cases  that  the  test  could 
not  well  be  continued  for  longer  than  one  hour,  owing  to  the  fact 
that  in  most  cases  the  erythrocytes  had  subsided  to  a  marked  degree 
after  the  lapse  of  this  period.  At  times  the  citrated  plasma  was 
substituted  for  the  defibrinated  plasma.  The  same  precautions 
regarding  temperature  were  taken,  and  only  vei>  small  amounts  o 
citrate  solution  (not  more  than  a  tenth  of  the  volume  of  plasma) 


*  ‘  Bcitragc  zur  Kcnnlniss  Her  Agglutination  rother  Blutkorpcrchen,  W  ten.  Klin, 
f  Uebcr  Bcziehungcn  zwUchen  deni  Blutecrum  und  den  Krtrperzellen,’  Munch.  Med.  Woch., 


1003,  No.  42. 

I  '  On  the  Presence  of  Haemagglutinins,  etc.,  in  the 
Infectious  Diseases  in  Man,'  Roy.  Soc.  Proc.,  1909,  B, 


Blood  obtained  from  Infectious  and  Non- 
Vol.  LXXXI.  p.  207. 
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employed.  The  plasma  obtained  in  this  way  frequently  dotted, 
but  the  process  was  sufficiently  retarded  to  permit  of  the  previous 
separation  of  the  red  corpuscles.  No  appreciable  difference  between 
the  agglutinating  action  of  the  defibrinated  and  citrated  plasma  was 
observed. 

I  he  results  of  this  investigation  of  normal  blood  for 
auto-agglutinin  may  be  summarised  by  stating  that  small  quantities 
of  auto-agglutinin  were  found  to  be  present  in  the  blood  of  rabbits 
(14),  guinea-pigs  (4),  goats  (3),  dogs  (2),  horses  (4),  donkeys  (2), 
monkeys  ( Macacus  rhesus )  (2),  and  C  cr  to  pit  heats  calli  trie  hits 
Sometimes,  especially  in  goats  and  guinea-pigs,  the  amount  present 
was  exceedingly  small,  and  considerable  care  was  necessary  to 
demonstrate  its  existence.  In  these  cases  a  larger  volume  of  serum 
was  used  in  proportion  to  the  amount  of  red  cells  and  the  reaction 
allowed  to  proceed  for  a  longer  period.  It  is  to  be  observed  that 
clumping  ol  the  erythrocytes  only  occurred  in  the  tests  carried  out 
at  low  temperatures,  and  not  in  those  subjected  to  a  temperature 
of  37°  C. 

RELATION  OF  AUTO  AGGLUTININ  OF  NORMAL  BLOOD  TO 
THAT  PRESENT  IN  THE  BLOOD  OF  ANIMALS 
INFECTED  WITH  TRYPANOSOMES 

In  this  connection  it  may  be  remarked  that  in  the  blood 
of  infected  animals  there  exists  a  considerable  excess  of 
auto-agglutinin  beyond  that  present  in  the  blood  of  normal  animals. 
It  was  found  that  diluting  the  defibrinated  plasma  of  normal  blood 
with  twice  its  volume  of  normal  saline  solution  usually  sufficed  to 
estrov  its  agglutinating  action.  On  the  other  hand,  it  was  often 
possible  to  dilute  the  infected  plasma  15-  or  20-fold,  and  still 
otain  complete  agglutination  of  the  erythrocyte  suspension. 

EFFECT  of  HEAT  on  AUTO  AGGLUTININ 

Different  portions  of  the  defibrinated  plasma  of  normal  and 
injected  animals  were  heated  in  a  water  bath  to  58°  C.  and  J0°  to 
I  '  resPectl'ely  for  twenty  minutes.  Heating  to  58°  C.  was 
not  to  destrov  auto-agglutinin,  whereas  plasma  which  had 
^een  su  jected  to  a  temperature  of  ;oc  C.  for  twenty  minutes  had 
completely  lost  this  property. 


SIGNIFICANCE  OF  THE  PHENOMENON  IN  TRYPANOSOMAL 

INFECTIONS 

The  question  of  the  mechanism  of  production  of  auto¬ 
agglutination  in  trypanosomal  infections  is  one  which  has  frequently 
been  discussed,  but  as  yet  no  satisfactory  explanation  has  been 
offered.  With  reference  to  this  question  it  appears  to  me  that  two 
theories  might  be  advanced  to  explain  the  development  of  an 
excess  of  auto-agglutinin  in  this  disease. 

It  has  long  been  recognised  that  the  blood  of  men  and  the  lower 
animals  suffering  from  trvpanosomaisis  is  frequently  very  anaemic. 
Roth  the  percentage  of  haemoglobin  and  the  number  of  red 
corpuscles  per  cubic  millimetre  fall  to  a  low  level.  I  his  is 
particularly  the  case  in  the  last  stages  of  the  disease.  Conceivably 
auto-agglutinin  might  develop  in  the  plasma  as  a  result  of 
auto-inoculation  of  an  animal  resulting  from  the  destruction  of  its 
own  erythrocytes. 

There  are,  however,  many  considerations  which  operate  against 
this  view.  In  the  first  place  1  have  found  no  constant  relation 
between  the  development  of  anaemia  and  auto-agglutination  ot 
the  red  cells.  By  the  aid  of  systematic  haemocrit  examinations  of 
the  blood  of  recently  infected  animals  it  was  observed  that 
auto-agglutination  was  usually  pronounced  for  a  considerable 
period  before  any  marked  fall  of  the  haemocrit  value  had  occurred. 
Secondly,  a  marked  degree  of  auto-agglutination  comparable  to 
that  occuring  in  trypanosomiasis  has  not  been  described  in  any 
other  of  the  diseases  in  which  anaemia  is  a  distinctive  feature. 
Dudgeon*  examined  the  blood  of  twenty-six  cases  of  anaemia  due 
to  various  causes  without  finding  a  single  example  of 
auto-agglutination.  It  is  doubtful,  however,  whether  the  technique 
adopted  by  Dudgeon  is  suitable  for  the  recognition  of  small 
amounts  of  auto-agglutinin.  Then,  again,  it  is  generally 
recognised  as  impossible  to  evoke  the  production  of  auto-bodies 
experimental ly  by  inoculating  an  animal  with  its  own  tissues. 

Experiment. --h  rabbit  was  injected  intraperitoneally  with 
10  c.c.  of  its  own  erythrocytes  which  had  been  laked  with  distilled 
water  and  the  resulting  solution  made  isotonic  with  sodium  chloride. 

•  '  On  th,  Presence  rf  llaenueelutini.,.  etc.,  in  the  Mood  obtained  from  Infectious  and  Non- 
■nfectiow  Dilates  in  Man,’  Rov.  Soc.  Proc.,  1909.  B,  Vol.  LXXX,  p-  531- 
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This  injection  was  repeated  after  an  interval  of  a  week.  No 
increase  of  auto-agglutinin  was  found  to  occur  in  the  animals 

blood. 

Another  possible  explanation  for  the  cause  of  the  development 
of  auto-agglutinin  is  that  it  is  formed  by  the  animal  mechanism 
as  a  direct  response  to  the  stimulus  of  the  pathogenic  agent.  In 
the  consideration  of  this  question  it  is  necessary  to  inquire  whether 
auto-agglutinin  alone  is  present  in  excess  in  infected  blood  ur 
whether  we  have  at  the  same  time  a  corresponding  alteration  in  the 
iso-  and  hetero-agglutinin  contents  of  the  serum. 

Mention  has  already  been  made  of  the  fact  that  in  every  case 
where  the  serum  of  an  infected  animal  was  found  to  possess  the 
property  of  clumping  its  own  erythrocytes  to  a  considerable  degree, 
it  also  agglutinated  markedly  those  of  other  members  of  the  same 
species. 

It  was  further  observed  that  the  plasma  of  infected  animals 
frequently  appeared  to  agglutinate  the  red  cells  of  animals 
belonging  to  different  species  to  a  greater  extent  than  normal.  The 
case  of  human  trypanosomiasis  already  referred  to  presented  an 
excellent  example  of  an  increased  capacity  on  the  part  of  an 
infected  serum  to  agglutinate  foreign  erythrocytes.  1  he  serum  of 
this  case  clumped  the  red  corpuscles  of  rats,  guinea-pigs  and 
rabbits  in  a  remarkable  manner.  A  few  drops  of  the  inactivated 
serum  when  added  to  an  equal  volume  of  the  blood  of  one  of  these 
animals  caused  intense  agglutination  in  a  few  seconds  at  room 
temperature.  The  action  of  normal  human  sera  on  these  corpuscle* 
was  much  slower  and  did  not  approach  that  of  the  former  'n 
intensity. 

Experiments  were  undertaken  with  the  object  of  comparin*f 
quantitatively  the  auto-,  iso-,  and  hetero-agglutinin  in  the  blood  o 
several  infected  animals  with  that  existing  in  the  blood  of  normal 
animals  of  the  same  kind. 

Technique. — T  he  method  adopted  was  that  previously  used  f° 
comparing  the  amount  of  auto-  and  iso-agglutinin  in  ;'1L 
defibrinated  plasma  separated  from  the  red  cells  at  37°  C-  "'t!l 
that  present  in  the  serum  obtained  from  blood  which  had  clotted 
at  o°  C. 

Inactivated  defibrinated  plasma  was  prepared  from  norm?' 
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Rabbit  i  and  from  Rabbit  896  (infected  with  7  .  dimorphon ),  and  a 
5  per  cent,  suspension  of  washed  erythrocytes  from  the  following- 
animals:  normal  Rabbits  1  and  2,  Rabbit  8q6  and  a  normal  horse 
and  guinea-pig. 

From  the  results  of  this  experiment,  details  of  which  arc  given 
in  Table  IV,  and  from  other  observations  of  the  same  kind  one  is 
led  to  conclude  that  in  the  blood  of  infected  animals,  in  addition 
to  an  excess  of  auto-agglutinin,  there  is  also  frequently  a 
corresponding  increase  in  iso-  and  hetero-agglutinin. 

The  question  now  arises  as  to  whether  these  reactions  are 
manifestations  of  the  same  body  or  of  different  specific  agglutinins. 
Hie  procedure  usually  adopted  for  the  solution  of  problems  of  this 
nature  is  the  saturation  of  a  portion  of  the  serum  by  the  red  cells 
"f  one  of  the  varieties  in  question,  and  then,  after  allowing  reaction 
to  take  place  for  some  hours,  centrifugalising  and  examining  the 
extracted  serum  regarding  its  agglutinating  action  on  the  red  cells 
of  the  kind  used  for  extraction  and  also  on  the  other  varieties  of 
erythrocytes. 

Malkoff,  adopting  this  technique,  arrived  at  the  conclusion  that 
there  exist  in  goat’s  serum,  which  is  capable  of  agglutinating  the 
erythrocytes  of  many  kinds  of  animals,  different  specific  agglutinins, 
each  of  which  has  a  specific  affinity  for  the  corresponding  variety 
of  red  cells. 

Experiment . — ( 1)  One  volume  of  defibrinated  plasma  oi  Rabbit 
896  (infected  with  T.  dimorphon)  was  extracted  for  twelve  hours 
at  o°  C.  with  an  equal  volume  of  the  undiluted  red  blood  cells  of 
the  same  animal.  (Extracted  plasma  A.)  (2)  Here  the  proportion 
of  plasma  to  erythrocytes  was  one  to  five.  (Extracted  plasma  B.) 
(3)  One  volume  of  the  same  plasma  was  treated  with  one  volume  oJ 
normal  horse’s  red  cells.  (Extracted  plasma  C.) 

A  5  per  cent,  suspension  of  washed  erythrocytes  was  prepared 
from  the  following  animals:  Rabbit  896,  normal  Rabbit  1,  normal 
Donkeys  1  and  2,  a  normal  guinea-pig,  horse,  Macacus  rhesus , 
C  crcopithecus  cnllitrichus ,  and  human  being. 

The  results  indicate  that  complete  extraction  of  the  infected 
plasma  of  Rabbit  896  by  its  own  erythrocytes  and  those  of  a  normal 

•‘Beitrage  zur  Frage  dcr  Agglutination  von  rother  Blutkorperchen/  Deutsche  Med.  Woch., 
lone.  Mo.  14. 


Table  IV. — Comparison  of  the  Amount  of  Auto-,  Uo-,  and  Hetero-aggiuuoin  in  the  Plasma 
of  Rnbbit  896  (infected  with  T.  dimorphon)  and  Normal  Rabbit  1 


Equal  volumes  of  red  cell  suspension  and  diluted  plasma 
used.  Temperature  of  experiment  o°  C. 


5  per  cent,  suspension 
of  washed  erythrocytes 
in  normal  saline 
solution 


Rabbit  1 
1 


896 
896 

Horse 

Guinea-pig 
Rabbit  1 


»»  1 

„  2 

»  2 

„  896 

„  896 

1 1  orsc 

Guinea-pig 
Rabbit  1 


Plasma  of  Rabbits  1  and  896 
diluted  with  increasing 
amounts  of  normal  saline 
solution 


Result 


Rabbit  t  undiluted 

„  X96 

»  896 

».  1 

„  896 

»  1 

„  896 

»  ' 

„  896 

,,  1  diluted  with  twice  its 

voL  of  0  9  per  cent. 
NaCI  solution 
„  896  „ 

»  1  » 

»  896  „ 

»  • 

„  896 

»i  *  »> 

„  896 

»  1 

»  896  „ 

„  i  diluted  with  4  times 

its  voL  of  o' 9  per 

cent.  NaCI  solution 


Complete  agglutination  in  20  mins. 

„  »  10  ” 

„  20  - 

„  20  „ 

„  «  20  » 

"  IS  20  B 

„  10  « 

„  10  n 

Marked  „  4s  n 

Complete  „  45  11 

Nil  45  is 


Complete- 

Slight 

Complete 

Nil 

Complete 

Marked 

Complete 

Nil 

Complete 

Nil 


20  „ 
20  „ 
20 

20  .• 
20 

45  » 
15  « 
45  r 

15  » 

15  « 


»  1 

>»  2 

11  2 

„  896 

>»  896 

Horse 

Guinea-pig 
Rabbit  1 


»»  2 

ss  896 
Horse 
Guinea-pig 
Rabbit  1 


11 

19 

Horse 

Guinea- 

Rabbit 


t»  2 

M  896 

Horse 
Guinea-pjg 


99 

896 

99 

Complete 

19 

>5 

w 

,, 

1 

99 

Nil 

11 

>5 

II 

99 

896 

11 

Complete 

11 

30 

n 

99 

1 

11 

Nil 

„ 

3° 

i» 

99 

896 

11 

Complete 

„ 

30 

n 

91 

1 

J% 

Slight 

11 

3° 

?! 

91 

896 

19 

Complete 

11 

30 

99 

99 

1 

11 

Nil 

11 

3° 

19 

91 

896 

91 

Complete 

11 

20 

I! 

99 

896 

diluted  with  6  times 
its  vol.  of  o'9  per 
cent.  NaCI  solution 

11 

11 

20 

11 

99 

896 

11 

11 

3° 

11 

99 

896 

11 

3° 

11 

99 

896 

J1 

Marked 

11 

45 

» 

99 

896 

11 

Complete 

11 

15 

91 

896 

diluted  with  9  times 
its  vol.  of  o'9  per 
cent.  NaCI  solution 

>» 

20 

11 

99 

896 

II 

Partial 

45 

« 

99 

896 

11 

Complete 

„ 

30 

99 

896 

11 

Trace 

45 

I! 

99 

896 

11 

Complete 

Slight 

11 

•5 

91 

896 

diluted  with  14  times 
its  vol.  of  0-9  per 
cent.  NaCI  solution 

11 

45 

11 

896 

Nil 

n 

45 

19 

896 

n 

Slight 

45 

99 

896 

Nil 

45 

99 

896 

w 

Slight 

*1 

45 

t* 
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horse  does  not  completely  destroy  the  agglutinating  action  of  the 
plasma  on  the  red  blood  cells  of  other  animals,  although  it  is  to  be 
noted  that  in  most  cases  when  the  plasma  had  been  extracted  with 
five  times  its  volume  of  its  own  red  cells  there  was  a  marked 
lessening  or  even  total  disappearance  of  this  action.  This 
diminution  of  the  agglutinating  action  of  the  plasma  cannot  be 
explained  by  mere  dilution  with  the  small  amount  of  saline  solution 
adhering  to  the  red  cells,  as  the  plasma  still  caused  marked 
agglutination  after  the  addition  of  fifteen  times  its  volume  of  o*9 

per  cent,  sodium  chloride  solution. 

It  is  doubtful,  however,  whether  experiments  of  this  kind  really 
have  the  importance  that  has  been  assigned  to  them  by  Malkoff  an 

others.  , 

Landsteiner  and  Sturli*  using  normal  horse  and  dog  serum  and 
eleven  varieties  of  erythrocytes,  confirmed  Malkoffs  observation 
that  saturation  of  the  serum  with  one  kind  of  red  blood  cell 
deprived  it  of  the  power  to  agglutinate  this  variety,  and  this  on  y. 
They  furthermore  showed  that  red  cells  which  had  already  been 
once  completely  agglutinated  were  still  able  to  react  wit  a 
kind  of  serum,  and  that  the  new  serum  after  the  reaction  a 
power  to  agglutinate  fresh  corpuscles  of  the  same  kind.  Hence,  as 
Landsteiner  points  out,  the  problem  had  assumed  a  very  complex 
aspect,  the  enormous  number  of  specific  agglutinins  in  normal  serum 

appearing  uneconomic.  i  • 

Landsteiner  and  Sturl,  suggest  another  hypothesis  to  explain 

these  facts,  namely,  that  during  the  process  of  agglutination 
substance  passes  from  the  red  cell  to  the  serum,  and  that .  atter 
complete  agglutination  the  serum,  in  consequence 
combination,  agglutinin  +  corpuscle  substance,  can  n°  °  S  .  , 

with  red  cells  ofthe  same  kind,  bu,  can  with  those  of  other — 1, 
By  this  theory  they  maintain  that  the  facts  can  be 

the  necessity  for  assuming  the  presence  of  an  enormous  number  o 
differently  acting  substances  or  groups  of  substances  in  normal 

"T  certain  amount  of  support  is  afforded  this  view  by  Jae 

observation  of  Landsteiner  that  a  watery  extract  of  the corpus^ 

of  a  turkey,  when  added  to  horse  serum,  almost  ““P'^^on  yt 

its  agglutinating  action  on  the  red  cells  of  the  turkey^but  only  m 

-  -  i  *  c.r-  i  wipn  Klin.  Woch..  1^1  P‘ 

•  *  Ueber  die  HamaRRlutimne  normnler^Sera,  Wien. 
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Table  V.— Agglutinating  Action  of  Plasma  which  had  been  previously  Extracted  with  Red 

Blood  Cells 


Equal  volumes  of  red  cell  suspension  and  plasma  used. 
Temp,  of  experiment  o°  C. 

Untreated  plasma  of 

Rabbit  896  (infected  with 

T.  diviorphon)  and  also 
plasma  of  the  same  animal 

5  per  cent,  suspension 

extracted  with  red  cells  as 

Result 

of  washed  erythrocytes 

follows  : 

in  normal  saline 

A,  with  an  equal  volume  of  red 

solution 

blood  cells  of  Rabbit  896 

B,  with  five  times  its  volume 

of  red  cells  of  Rabbit  896. 

C,  with  an  equal  volume  of 

red  cells  of  a  normal  horse 

Rabbit  896 

Untreated  plasma 

Complete  agglutination 

in  to 

mins. 

Extracted 

A  . 

Partial 

55 

45 

55 

55  55 

B  . 

No 

55 

45 

V 

15  11 

C  . 

Complete 

51 

•5 

55 

Rabbit  1 

Untreated  plasma 

. 

Complete 

55 

*5 

51 

Extracted  ,, 

A  . 

55 

55 

jo 

55 

11  11 

B  . 

No 

55 

45 

55 

11  n 

C  . 

Complete 

55 

'5 

15 

Donkey  1  ... 

Untreated  plasma 

...  ■ 

Complete 

15 

■5 

15 

Extracted 

A  . 

Almost  complete 

11 

45 

55 

H  55 

B  . 

No 

51 

45 

55 

11  51 

C  . 

Marked 

51 

45 

15 

Donkey  2  ... 

Untreated  plasma 

Complete 

55 

*5 

55 

Extracted  „ 

A  . 

55 

11 

jo 

15 

55  55 

B  . 

Trace 

11 

45 

55 

55  55 

C  . 

Complete 

11 

45 

I' 

Guinea-pig 

Untreated  plasma 
Extracted  ,, 

a  !”  "! 

Complete 

55 

55 

15 

'5 

'5 

55 

55  19 

B  . 

Partial 

55 

45 

55 

»>  >1 

C  . 

Complete 

1? 

'5 

51 

Horse 

Untreated  plasma 
Extracted  „ 

a  !" 

Complete 

55 

55 

H 

10 

>5 

15 

55  55 

R  . 

Slight 

5* 

45 

15 

»»  » 

C  . 

Partial 

„ 

45 

15 

Macaciu  rhesus 

Untreated  plasma 
Extracted  „ 

A  !" 

Complete 

5« 

55 

>5 

3° 

15 

J1 

>»  n 

B  . 

Slight 

15 

45 

51 

*»  5* 

C  . 

Complete 

55 

30 

55 

Cercopitbecus  callitricbus 

Untreated  plasma 
Extracted  „ 

A 

Complete 

51 

55 

«5 

•5 

51 

51 

»  » 

B  . 

55 

55 

3° 

51 

>» 

C  . 

55 

55 

'5 

55 

Human  being 

Untreated  plasma 
Extracted  „ 

a  !!! 

Complete 

55 

to 

20 

15 

15 

>'  M 

B  ... 

Marked 

55 

45 

11 

»  51 

C  . 

Complete 

15 

*5 

r 
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a  very  slight  degree  on  other  kinds  of  blood.  This  last  observation 
was  subsequently  confirmed  by  Lazar.4  However,  unless  all  traces 
of  the  stromata  of  the  red  cells  had  been  removed  from  the 
haemoglobin  solution — and  this  is  by  no  means  an  easy  performance 
— an  obvious  explanation  for  this  inhibiting  action  of  such  solutions 
would  be  that  the  stromata  themselves  had  fixed  the  agglutinins 
present  in  the  horse  serum,  and  consequently  there  would  be  little, 
if  any,  left  to  act  upon  the  red  corpuscles.  Naturally,  in  this  case, 
the  inhibiting  action  would  be  specific  for  the  variety  of  red  cells 
from  which  the  haemoglobin  solution  was  made. 

The  fact  that  the  phenomenon  of  auto-agglutination  is  reversible 
allows  one  to  approach  the  subject  of  specificity  from  a  different 
point  of  view,  namely,  by  extracting  the  completely  agglutinated 
red  cells  with  a  small  quantity  of  normal  saline  solution  at  37°  C  > 
and  then  investigating  the  nature  of  the  digest. 

Experiment . — To  10  c.c.  of  defibrinated  plasma  of  Rabbit  1035 
(infected  with  T.  brucei)  were  added  0'2  c.c.  of  the  red  cells  of  the 
same  animal.  After  allowing  the  mixture  to  stand  in  the  ice  chest 
for  twelve  hours  with  occasional  stirrings  the  supernatant  plasma 
was  decanted  off,  and  the  clumped  red  blood  cells  washed  four 
times  with  at  least  ten  times  their  volume  of  normal  saline  solution 
at  o°  C. ;  o' 2  c.c.  of  normal  salt  solution  was  then  added  to  the 
agglutinated  mass  of  red  cells  and  the  mixture  allowed  to  digest  at 
40°  C.  for  half  an  hour.  At  the  end  of  this  time  no  trace  of 
agglutination  was  visible.  The  red  cells  were  then  quickly  thrown 
down  by  centrifugal isation  and  the  supernatant  fluid  removed 
(Digest  solution). 

A  5  per  cent,  suspension  of  red  blood  cells  in  normal  saline 
solution  was  prepared  from  the  following  animals:  Rabbit  1035 
finfected  with  T.  brucei),  normal  Rabbit  A,  Donkey  2  (infected  with 
T.  rhodesiense ),  normal  Donkey  A,  Goat  1041  (infected  with 
T.  rhodesiense ),  normal  Goat  A,  and  from  a  normal  rat,  guinea-pig, 
dog,  horse,  Macacus  rhesus ,  Cercopithecus  callitrichus ,  and  human 
being. 

The  capacity  of  the  untreated  plasma  of  Rabbit  1035  and  of 
the  solution  prepared  by  digesting  the  agglutinated  red  cells  with 
normal  saline  at  o°  C.  to  agglutinate  these  different  erythrocytes  was 

then  examined.  _ _ _ _ 

7rUrter  die  Bedeutung  der  Upoiden  Stoffe  dcr  rothen  Blutkorperchen  fur  dm  Mechanisms 
der  Agglutination,'  Wien.  Klin.  Woch.,  1905,  p.  iotz. 
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Table  VI. — Agglutinating  Action  of  a  Solution  obtained  by  Digesting  Auto-agglutinated  Red 
Blood  Cells  with  Normal  Saline  Solution  at  40°  C. 


Equal  volumes  of  red  cell  suspension  and  defibrinated 
plasma  or  digest  solution  used.  Temperature  of 
experiment  o°  C. 


5  per  cent,  suspension 
of  washed  erythrocytes 
in  normal  saline 
solution 


Untreated  defibrinated  plasma 
of  Rabbit  1035  (infected  with 
nagana),  and  solution 
obtained  by  digesting  the 
auto-agglutinated  red  cells  of 
the  same  animal  with  normal 
saline  solution  at  370  C. 


Result 


Rabbit  1035  (infected  with 
T.  br ucei) 

Normal  Rabbit  A  ... 

Donkey  2  (infected  with 
T.  rbodesiense ) 

Normal  Donkey  A 

Goat  1041  (infected  with 
T.  rbodesiense ) 

Normal  Goat  A 

Rat 

Guinea-pig 
°og 
Horse 

Macacus  rhesus 
Cercopilbecus  callitrichus  .. 
Human  being 


Defibrinated  plasma 

Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 

Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 

Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 
Digest  solution 
Defibrinated  plasma 
Digest  solution 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 
Defibrinated  plasma 
Digest  solution  ... 


Complete  agglutination  in  10 mini. 


Slight 

Complete 

No 

Complete 

No 

Complete 


Partial 

Complete 


10  „ 
10  „ 
to  „ 
10  „ 

3°  .. 
»5  n 
45  « 
10  „ 

45  .. 

10  „ 

45  .. 
»5  » 
20  „ 

'5 

20  ,, 

5  » 
10  „ 
10  „ 
45  is 
*5  '■ 
30  „ 

>5  « 

15  .. 

to  ,, 

15  .. 


dumped ' red1,  rtiu°ur  sPec.“nen*  of.  normal  saline  solution  which  had  been  used  for  washing  the 

■ssk't.'ta  s.’ssi  wi,h  ,ht  «— » *■  **■ » 


1  lie  information  obtained  from  observations  of  this  kind  is 
tremeh  interesting.  In  the  experiment  recorded  a  substance  was 
extracted  from  the  auto-agglutinated  erythrocytes  of  a  rabbit 
m  ^  brucei  which  clumped  not  only  its  own  erythrocytes 

ose  of  other  rabbits,  but  also  the  red  cells  of  many  other 
..  different  species.  In  other  words  it  would  appear  that 

agglutinin  is  not  a  body  equipped  with  a  high  degree  of 
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specificity,  but  that  it  can  also  act  as  iso-  and  hetero-agglutinin  on 
the  erythrocytes  of  other  rabbits  and  those  of  animals  of  widely 
different  species. 

VALUE  OF  THE  PHENOMENON  AS  A  DIAGNOSTIC  SIGN 

Before  discussing  this  question  it  is  necessary  to  emphasise  the 
importance  of  careful  observation  in  determining  whether  a  certain 
blood  really  agglutinates  or  not.  So  far  as  can  be  gathered  from 
the  papers  in  which  the  existence  of  the  phenomenon  in 
trypanosomiasis  has  been  recorded,  it  has  been  invariably  decided 
from  the  examination  of  cover-slip  preparations  of  the  blood. 
Although  a  considerable  degree  ol  auto-agglutination  is  easily 
recognised  in  a  well-made  cover-slip  preparation,  yet  it  is  often 
extremely  difficult,  or  even  impossible,  to  decide  whether  the  red 
cells  are  really  agglutinated  when  the  phenomenon  is  not  so  distinct. 
A  certain  amount  of  massing  together  of  the  erythrocytes  is 
frequently  evident  at  the  edges  of  even  the  best  cover-slip 
preparations  of  normal  blood,  whereas  it  the  slide  and  co\er-slip 
be  not  perfectly  clean  the  red  cells  are  found  to  be  anything  but 
evenly  distributed,  but  are  grouped  together  into  little  masses  and 
rouleaux,  separated  from  one  another  by  plasma  an  appearance 
closely  resembling  that  to  be  observed  in  infected  blood  when  the 
amount  of  auto-agglutination  is  slight.  On  the  other  hand,  a  slight 
degree  of  auto-agglutination  can  be  easily  obscured  by  pressure  on 
the  cover-slip  resulting  in  the  separation  of  the  erythrocytes  one 
from  the  other. 

Furthermore,  it  has  been  shown  that  small  amounts  ol 
auto-agglutinin  exist  constantly  in  the  blood  of  many  normal 
animals.  In  horses  and  donkeys  auto-agglutinin  is  sometimes 
present  in  such  an  extent  as  to  give  rise  to  a  more  oi  less 
characteristic  appearance  in  cover-slip  preparations.  This  is 
specially  the  case  when  the  preparations  are  made  out  of  doors  at 
a  somewhat  low  temperature.  However,  I  have  never  observed  in 
cover-slip  preparations  of  the  blood  ol  normal  animals  a  con 
approaching  in  intensity  the  well-marked  clumping  obtaining  in 
infected  cases.  When  a  high  degree  of  auto-agglutination  exists 
the  corpuscles  are  seen  to  have  become  agglomerated  into  tight 
clumps,  the  outlines  of  the  individual  cells  being  indistinct,  or  e\en 


completely  lost,  so  that  the  clumps  appear  to  consist  of  red  cells 
which  have  fused  together  into  a  homogeneous  mass.  In  order  to 
evoke  as  characteristic  an  appearance  as  possible  the  preparation 
should  be  made  at  the  lowest  temperature  practicable. 

The  next  point  to  be  considered  is  whether  auto-agglutination  is 
a  constant  feature  in  trypanosoma  1  infections. 

Martin,  Lebceuf,  and  Roubaud*  stated  that  in  the  large  number 
of  cases  of  human  trypanosomiasis  examined  by  them  in  the  French 
Congo,  auto-agglutination  was  always  present.  In  the  tables 
appearing  in  their  report,  the  condition  of  the  blood  as  regards 
auto-agglutination  is  indicated  by  numbers  from  o  to  10,  the  cipher 
meaning  that  there  is  no  agglutination,  whereas  the  greatest  degree 
of  agglutination  is  indicated  as  l  o ;  the  intermediate  figures  denote 
intermediate  degrees  of  agglutination. 

In  view  of  the  technique  used  by  them — the  mere  examinations 
of  cover-slip  preparations  of  the  fresh  blood — such  a  classification 
appears  to  be  a  somewhat  unwarrantable  refinement. 

I  oddt  in  a  recent  paper  classifies  as  regards  auto-agglutination 
a  large  number  (1406)  of  cases  examined  by  Dutton  and  himself  in 
the  Congo  Free  State.  Of  the  395  cases  in  which  auto-agglutination 
was  present,  trypanosomes  were  found  in  only  183.  However,  as 
1  odd  himself  states,  probably  because  of  the  insufficient  search  for 
them  (the  cases  were  seen  and  examined  on  one  occasion  only), 
trypanosomes  were  present  much  more  often  than  they  were  found. 

Later  m  the  same  paper  it  is  stated  that  only  in  three  cases  were 
trypanosomes  not  present  when  an  extremely  well-marked 
auto-agglutination  was  recorded.  One  of  these  was  a  case  of 
relapsing  fever;  another  was  a  much  emaciated  marasmic  individual, 
and  the  third  was  a  case  of  syphilis. 

Regarding  the  frequency  of  the  phenomenon  in  the  blood  of 
experimentally  infected  animals,  it  need  only  be  stated  that  as  a 
rule  auto-agglutination  is  best  marked  in  the  blood  of  the  larger 
animals,  e.g. ,  horse  and  donkey.  It  is  usually  also  very  distinct  in 
monkey,  dog,  rabbit,  and  goat.  In  the  rat,  mouse,  and 
guinea-pig  it  js  generally  slight  or  absent. 

p.  28 1  Rapport  de  ,a  Mission  d’fctudcs  dc  la  Maladic  du  Sommeil  au  Congo  Fran$ai*e,  i^8- 
somiwU/  IkdTsoc.  Path^EMt^^io5  p  U*°‘agglutination  <>f  the  Red  Cells  in  Human  Trypano- 
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In  the  ordinary  course  of  events  the  infected  animal  shows 
parasites  in  its  blood  for  some  time  before  a  distinct  auto¬ 
agglutination  develops.  Occasionally,  however,  auto-agglutination 
appears  before  trypanosomes  have  been  found  in  the  blood.  I  have 
had  under  observation  a  goat,  infected  with  T.  gambiense ,  in  which 
trypanosomes  have  never  been  seen  in  the  blood,  but  in  which  a 
well-marked  auto-agglutination  had  developed.  I  he  blood  was 
shown  to  be  infective  by  injection  into  rats. 

The  last  point  to  be  decided  in  considering  the  value  of  the 
phenomenon  as  a  diagnostic  sign  is  whether  it  occurs  in  other 
diseases  besides  trypanosomiasis.  In  addition  to  the  three  cases 
mentioned  by  Todd,  auto-agglutination  has  occasionally  been  noted 
in  persons  suffering  from  other  diseases  than  sleeping  sickness. 

Klein,*  in  1890,  found  auto-agglutination  of  the  red  blood  cells 
in  a  case  of  hepatic  cirrhosis  (Hanot).  Dudgeont  mentions  the 
case  of  a  West  Indian  negro  which  was  considered  to  be  one  of 
tertiary  hepatic  syphilis,  where  the  blood  exhibited  spontaneous 
clumping.  He  also  found  auto-agglutinin  in  the  blood  of  a  case 
of  long  standing  epilepsy.  Martin  and  Darre+  assert  that  the 
phenomenon  is  to  be  met  with  in  certain  forms  of  icterus  due 

haemolysis.  .  ( 

Ouite  recently  Nattan-Larrierg  described  the  existence  o 
auto-agglutination  in  rats  infected  with  the  Spirilla  obernnerea.  It 
is  interesting  to  note  in  this  connection  that  of  Todd’s  three  cases 
which  exhibited  well  marked  auto-agglutination,  but  were  no 
infected  with  trypanosomes,  one  was  a  case  of  1  elapsing  e\er 
another  a  case  of  syphilis,  as  was  also  the  only  definite  ins  an^e 
the  phenomenon  seen  by  Dudgeon.  It  is  of  importance  0 
whether  auto-agglutination  is  often  present  in  spirochaeta 

infections.  .  ,  fup 

In  conclusion  it  may  be  stated  that  m  the  hgh  '  *£ 

information  obtainable  a  well-marked  degree  of  auto-agglutaabon 
of  the  red  blood  cells  is  an  extremely  rare  occurrence,  apart  from 
infection  with  trypanosomes.  - - - - 7-7- 

~  -VUeb„ d-  -  —  - •"  BedcutU°S  Jie  Prakt'“  ‘ 

Medicin,’  Wien.  Klin.  Woch..  1890,  No*.  3<>-40- 

1  Mt"'.  Mmoirct  S«.  MM.  d»  Hop! it»ox  MPjrjK  ^  ^  plth.  Ex... 

§  ‘  L’ Autoagglutination  dr*  Hemat.c*  dan*  la  Sp.nUose  p 

1910,  p.  425. 
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SUMMARY 

Auto-  and  iso-agglutinin  are  present  in  the  blood  of  cases  of 
sleeping  sickness  and  of  animals  infected  with  trypanosomiasis. 

Reaction  between  auto-agglutinin  and  red  blood  cells  takes  place 
only  at  low  temperatures. 

Auto-agglutinin  can  be  removed  from  plasma  by  absorption  with 
the  erythrocytes  of  the  same  animal  at  o°  C. 

The  reaction  between  auto-agglutinin  and  red  blood  cells  is 
reversible. 

Auto-agglutinin  exists  in  small  amounts  in  the  blood  of  many 
normal  animals. 

Auto-,  iso-  and  hetero-agglutinin  are  frequently  present  in  much 
greater  amount  in  the  blood  of  infected  animals  than  in  that  of 
normal  animals,  and  it  is  due  to  this  fact  that  clumping  of  the  red 
blood  cells  is  often  visible  in  fresh  cover-slip  preparations  of  the 
blood  of  infected  animals. 

From  the  red  blood  cells  of  an  infected  animal  which  have  been 
agglutinated  in  the  cold  by  the  plasma  of  the  same  animal  an 
active  substance  can  be  extracted  with  normal  saline  solution  at 
37°  C. 

1  his  substance  agglutinates  not  only  the  red  cells  of  the  same 
animal  and  other  members  of  the  same  species,  but  also  those  of 
many  animals  of  different  species. 

It  is  to  be  inferred  from  the  information  at  present  available 
that  a  marked  degree  of  auto-agglutination  of  the  red  blood  cells  is 
an  extremely  rare  occurrence  apart  from  an  infection  with 
trypanosomes. 


ON  A  NEW  GENUS  OF  CULICINAE 
FROM  THE  AMAZON  REGION 


BY 

R.  NEWSTEAD,  M.Sc.,  &c., 

AND 

H.  F.  CARTER. 

( Received  for  publication  15  February ,  1911) 

Thomasina ,  nov.  gen.  (Newstead  and  Carter) 

Palpi  of  the'  male  (fig.  1)  much  shorter  than  the  proboscis; 
they  are  also  rather  slender  and  composed  of  four  segments,  of 


Fig.  1.  Head  of  $  Thomasina  longipalpis.  (Newstead  and  Thomas.) 

which  the  terminal  one  is  very  short  and  narrower  than  the 
preceding  one.  Antennae  (fig.  >)  rather  sparsely  clothed  with 
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hairs.  Legs  with  long  and  somewhat  outstanding  scales  at  the  apex 
of  the  femora;  the  fourth  and  fifth  segments  of  the  front  and 
middle  tarsi  very  short  and  broad,  being  compressed  laterally. 

Scale  structure  of  both  sexes.  1  hose  of  the  head  and  thorax  as 
in  Mansonia ,  with  the  exception  of  a  few  broad  curved  ones  just  in 
front  of  the  scutellum  and  at  the  base  of  the  wings;  pleurae  densely 
clothed  with  large,  broad,  spindle-shaped  scales;  prothoracic  lobes 
distally  clothed  with  spindle-shaped  ones;  scutellum  with  long 
falciform  scales.  Wings  with  Mansonia- like  scales,  the  outstanding 
ones  being,  however,  much  longer. 

Type,  Thomasina  Ion gi pal pis  (Newstead  and  1  homas). 


I'ig.  2.  Palpus  of  $  Tbomasind  lottgipalpis.  (Newstead  and  Thomas. 

In  describing  the  female  of  this  species,  Newstead  and  Thomas 
icferred  it  to  the  genus  Mansonia  owing  to  a  general  resemblance 
which  the  scale  structure  bears  to  this  genus;  and,  although  these 
authors  had  noted  the  peculiar  character  of  the  palpi,  they  did  not 
think  this  was  of  sufficient  importance  to  warrant  the  erection  of  a 
newjgenus  for  the  reception  of  this  insect. 

*  Ann.  of  Trop.  Med.  and  Parasit.,  Vol.  IV.  No.  i,  p.  ,45 7 
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Having  recently  received  several  examples  of  both  sexes,  it  was 
at  once  seen  that  the  morphological  characters  of  the  palpi  and  tarsi 
were  so  markedly  different  from  those  of  Monsoma  that  the  species 
could  no  longer  remain  in  that  genus. 

The  marked  characteristics  of  Thomasina  are  that  the  palpi  of 
the  male  are  short ,  while  those  of  the  female  are  relatively  long 
(figs,  i  and  2),  the  latter  almost  one-third  the  length  of  the 
proboscis;  and  that  the  fourth  tarsal  segment  of  the  fore  and 
mid-legs ,  in  both  sexes,  is  very  small  and  flattened  (fig.  3,  a,  b). 


c 

Fir.  J.  a  and  b.  Fourth  and  fifth  tarsal  segments  and  ungues  of  the  fore  and  mid  legs  of  <J 
Thomasina  longipalpis.  (Newstead  and  Thomas.) 

c.  Fifth  segment  and  ungues  of  the  same. 

We  have  much  pleasure  in  dedicating  this  insect  to  our 
colleague,  Dr.  H.  Wolferstan  Thomas,  who  has  contributed  so 
much  towards  our  knowledge  of  the  mosquitos  of  the  Amazon  region 
at  Manaos  and  elsewhere. 

Thomasina  longipalpis  (Newstead  and  Thomas)  (1910)- 

Mansonia  longipalpis  (9  only)  (Newstead  and  Thomas)  (1910)  • 

Male.— Colour  and  general  characteristics  as  in  the  female. 
Palpi  clothed  with  black,  white,  and  ochreous-yellow  scales,  the 


*  Ann.  of  Trop.  Med.  and  Parasit..  Vol.  IV,  No.  I.  p-  *45- 


556 


latter  predominating;  the  articulations,  the  apical  segment,  and 
base  of  the  first  segment,  white  scaled.  Proboscis  very  thick, 
slightly  stouter  than  that  of  the  female,  but  as  far  as  can  be  seen, 
with  the  same  distribution  of  scales.  Legs  (fig.  3),  fourth  tarsal 
segments  of  the  first  pair  of  legs  slightly  broader  than  long,  in 
the  9  larger  and  considerably  longer  than  broad ;  ungues  unequal, 
the  larger  with  a  distinct  sub-median  tooth,  the  smaller  simple. 
Fourth  segments  of  the  second  pair  of  legs  longer  and  narrower 
than  in  the  first  pair,  in  the  9  shorter  and  slightly  broader  and 
about  the  same  size  as  the  corresponding  ones  of  the  <$  ;  ungues  as 
in  the  fore  legs.  Tarsi  of  the  hind  legs  normal  in  both  sexes,  the 
ungues  equal  and  simple.  Genitalia-. — Basal  segment  stout, 
gradually  tapering  to  a  rounded  apex  ;  superior  clasper  slender,  about 
half  the  length  of  the  baSal  lobe,  with  a  long  terminal  spine;  inferior 
clasper  forming  a  fairly  distinct  lobe  bearing  a  pair  of  thick  spines, 
llarpes  and  harpagones  stout,  the  former  terminating  in  three 
distinct  teeth,  the  latter  in  a  single  large  one. 

In  addition  to  the  female  characters  given  by  Newstead  and 
I  homas,  and  besides  those  mentioned  above,  there  are  two  others  of 
some  importance,  viz.,  the  ungues  are  all  equal  and  simple,  and  in 
several  specimens  the  ventral  surface  of  the  last  tarsal  segment  of 
ihe  hind  legs  is  black  scaled. 
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NOTICE 


The  following  courses  of  instruction  will  be  given  by  the 
Liverpool  School  of  Tropical  Medicine  during  1910  : — 

Full  Course  begins  6  January.  Short  Course  begins  1  June. 
Diploma  Examination,  4  April.  Certificate  Examination,  29  June. 

Full  Course  begins  15  September. 

Diploma  Examination,  12  December. 

The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  Examination  to  all  students  who  have  taken  out  this  full 
course. 

Fee  for  the  full  Course  of  Instruction — Thirteen  Guineas. 

Fee  for  the  Diploma  Examination — Five  Guineas. 

Fee  for  the  Short  Course  of  Instruction — Four  Guineas. 

Fee  for  the  use  of  a  School  microscope  during  one  term — Ten 
shillings  and  sixpence. 

For  prospectus  and  further  information,  application  should  be  made 
to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 


The  following  have  obtained  the  Diploma  in  Tropical  Medicine  of 
the  University  of  Liverpool :  — 


Diploma  in  Tropical  Medicine 


Date  of 
Diploma 
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1904  Bennett,  Arthur  King 
1904  Bruce,  William  James 
1904  Byrne,  John  Scott 
*904  Clayton,  Thomas  Morrison 
1904  Dalziel,  John  McF.wen 
1904  Dee,  Peter 

1904  Greenidge,  Oliver  Campbell 
1904  Ilehir,  Patrick 
1904  Khan,  Saiduzzafor 
1904  Laurie,  Robert 
1904  Maclurkin,  Alfred  Robert 
1904  McConnell,  Robert  F.rnest 
1904  Nicholson,  James  Edward 
1904  Philipson,  Nicholas 
1904  Sharman,  Eric  Harding 
1904  Thomson,  Frank  Wyville 

1904  Walker,  George  Francis  Clegg 

1905  Anderson,  Catherine  Elmslie 
1905  Brown,  Alexander 

1905  Caldwell,  Thomas  Cathcart 
1905  Critien,  Attilio 
1905  Hooton,  Alfred 
1905  Hudson,  Charles  Tilson 
1905  Illington,  Edmund  Moritz 


Date  of 
diploma 

905  Macfarlane,  Robert  Maxwell 
905  Maddock,  Edward  Cecil  Gordon 
905  Moore,  James  Jackson 
905  Nightingale,  Samuel  Shore 
905  Radcliffe,  Percy  Alexander  Hurst 

905  Young,  John  Cameron 

906  Adie,  Joseph  Rosamond 
906  Arnold,  Frank  Arthur 
906  Bate,  John  Brabant 

906  Bennetts,  Harold  Graves 
906  Carter,  Robert  Markham 
906  Chisholm,  James  Alexander 
906  Clements,  Robert  William 
906  Dundas,  James 
qo6  Faichnie,  Norman 
□06  Jeffreys,  Herbert  Castelman 
q 06  Mackenzie,  Donald  Francis 
906  Pailthorpe,  Mary  Elizabeth 
906  Palmer,  Harold  Thornbury 
906  Pearse,  Albert  . 

906  Sampey,  Alexander  William 
906  Smithson,  Arthur  Ernest 
906  Taylor,  Joseph  van  Someron 
906  Taylor,  William  Irwin 
906  Tynan,  Edward  Joseph 


Date  <  f 
Diploma 

1906  Watson,  Cecil  Francis 
1906  Willcocks,  Roger  Durant 

1906  Williamson,  George  Alexander 

1907  Allan,  Alexander  Smith 
1907  Allwood,  James  Aldred 
1907  Bond,  Ashton 

1907  Branch,  Stanley 

1907  Collinson,  Walter  Julius 

1907  Davey,  John  Bernard 

1907  Donaldson,  Anson  Scott 

1907  Fell,  Matthew  Henry  Gregson 

1907  Gann,  Thomas  William  Francis 

1907  Graham,  James  Drummond 

1907  Hiscock,  Robert  Carroll 

1907  Keane,  Joseph  Gerald 

1907  Kcnnan,  Richard  Ilcnry 

1907  Kenrick,  William  Hamilton 

1907  Le  Fanu,  George  Ernest  Hugh 

1907  Mackey,  Charles 

1907  Maddox,  Ralph  Henry 

1907  McCarthy,  John  McDonald 

1907  Raikes,  Cuthbert  Taunton 

1907  Ryan,  Joseph  Charles 

1907  Vallance,  Hugh 

190S  Caverhill,  Austin  Mack 
190S  Crawford,  Gilbert  Stewart 

1908  Dalai,  Kaikhusroo  Kustomji 
1908  Dansey-Browning,  George 
1908  Davidson,  James 

1908  Dickson,  John  Rhodes 
190S  Dowdall,  Arthur  Melville 
1908  Glover,  Henry  Joseph 
190S  Greaves,  Francis  Wood 
1908  Goodbody,  Cecil  Maurice 
1908  Harrison,  James  Herbert  Hugh 
1908  Joshi,  Lemuel  Lucas 
1908  Le  Fanu,  Cecil  Vivian 
1908  Luethgen,  Carl  Wilhelm  Ludwig 
1908  Mama,  Jamshed  Byramji 
1908  McCay,  Frederick  William 
1908  McLellan,  Samuel  Wilson 
1908  Pearce,  Charles  Ross 


Date  >/ 

Diploma 

1908  Scboorel,  Alexander  Frcderik 
1908  Smith,  John  Macgregor 
1908  Stewart,  George  Edward 
1908  Tate,  Gerald  William 

1908  Whyte,  Robert 

1909  Abercrombie,  Rudolph  George 
1909  Allin,  John  Richard  Percy 
1909  Armstrong,  Edward  Randolph 
1909  Barrow,  Harold  Percy  Waller 
1 909  Beatty,  Guy 

1909  Carr-White,  Percy 
1909  Chevallier,  Claude  Lionel 
1909  Clark,  William  Scott 
1909  Cope,  Ricardo 
1909  Fleming,  William 
1900  Han«chell,  Hother  McConnick 
1909  Hayward,  William  Davey 
1909  Henry,  Sydney  Alexander 
1900  Innes,  F'rancis  Alexander 
I90J  Jackson,  Arthur  Frame 
1909  Knka,  Sorabji  Manekji 
1909  McCabe-Dallas,  Alfre<l  Alexander 
Donald 

1909  Meldrum,  William  Percy 
1909  Murphy,  John  Cullinan 
1909  Samuel,  Mysore  Gnananandaraju 
1909  Shroff,  Kawasjee  Byramjee 
1909  Thornely,  Michael  Harris 
1909  Turkhud,  Violet  Ackroyd 
1909  Webb.  William  Spinks 

1909  Yen,  Fu-Chun 

1910  Dowden,  Richard 

1910  James,  William  Robert  Wallace 
1910  Ivorke,  Vishnu  Tatyaji 
1910  Macfie,  John  Win.  Scott 
1910  Munuk,  Mack  Walter 
1910  Nanavati,  Kishavlal  Balabbai 
1910  Nauss,  Ralph  Welty 
1910  Sabastian,  Thiruchelvam 
toio  Sliaw,  Hugh  Thomas 
1910  Souza,  Antonio  Bernardo  de 
1910  White,  Maurice  Forbes 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  Januaiy  1,  I9° 7> 
by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
is  the  first  number  of  the  fourth  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 
quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports— t  at 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  t  le 
scientific  work  done  in  its  laboratories  at  the  University  of  Liverpo 
and  at  Runcorn.  In  addition,  however,  to  School  work,  ongina 
articles  from  outside  on  any  subject  connected  with  ropica 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover);  so  that,  in  all  probability,  not  less  than  our 
numbers  of  the  Annals  will  be  issued  annually.  Each  number  wi 
he  brought  out  when  material  sufficient  for  it  has  been  accumulated. 
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HOWARDS’  QUININE  TABLETS  «e  noted  not  only  for  the  Punty  of  the 
Salts  contained,  but  also  for  their  extremely  accurate  dosagre.  Tax  a  is  an 
important  deUil  too  often  neglected,  as  experiments  will  prove. 
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NOTICE 


ubscnptfem:  £1  2s.  6d.  per  volume,  post  free,'  payable  in 
auvapee  to  the  Secretary,  Liverpool  School  of  Tropical  Medicine- 
10  Exchange  Buildings,  Liverpool.  Separate  copies  oi 
uim  ei  io.„  6d.  each.  Correspondence  concerning  advertiseffle,j£S 
should  also  be  addressed  to  the  Secretary. 

ft* PuWleaaoa.^re  accepted,  if  found  suitable,  from  »«' 

eontrarv  '  *  P°SSib‘e’  **  ^'pewr.tten :  and  unle-  thc 

■\nnal-  Th  i  ’  "u ”  **  Understood  lo  be  offered  alone  to  <hc5'. 
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he  ask's  -for  ^c.1"5  work  ?n  its  Publication,  provided  th3‘ 
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NOTICE 


The  following  courses  of  instruction  will  be  given  by  the 
Liverpool  School  of  Tropical  Medicine  during  1910: — 

Full  Course  begins  6  January.  Short  Course  begins  1  June. 
Diploma  Examination,  4  April.  Certificate  Examination,  29  June. 
Full  Course  begins  15  September. 

Diploma  Examination,  12  December. 


The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  Examination  to  all  students  who  have  taken  out  this  full 
course. 

Fee  for  the  full  Course  of  Instruction— Thirteen  Guineas. 

Fee  for  the  Diploma  Examination  Five  Guineas. 

Fee  for  the  Short  Course  of  Instruction— Four  Guineas. 

Fee  for  the  use  of  a  School  microscope  during  one  term— Ten 
shillings  and  sixpence. 

For  prospectus  and  further  information,  application  should  be  made 
to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 


The  following  have  obtained  the  Diploma  in  Tropical  Medicine  of 
the  University  of  Liverpool :  — 


Diploma  in 

Date  of 
Diploma 

1904  Augustine,  Henry  Joshua 
1904  Bennett,  Arthur  King 
1904  Bruce,  William  James 
1904  Byrne,  John  Scott 
1904  Clayton,  Thomas  Morrison 
1904  Dalziel,  John  McEwen 
1904  Dee,  Peter 

1904  Greenidge,  Oliver  Campbell 
1904  Hehir,  Patrick 
1904  Khan,  Saiduzzafor 
1904  Laurie,  Robert 
1904  Maclurkin,  Alfred  Robert 
1904  McConnell,  Robert  Ernest 
1904  Nicholson,  James  Edward 
1904  Philipson,  Nicholas 
1904  Sharman,  Eric  Harding 
1904  Thomson,  Prank  Wyville 

1904  Walker,  George  Francis  Clegg 

1905  Anderson,  Catherine  F.lmslie 
1905  Brown,  Alexander 

1905  Caldwell,  Thomas  Cathcart 
1905  Critien,  Attilio 
1905  Hooton,  Alfred 
1905  Hudson,  Charles  '1  ilson 
1905  Illington,  Edmund  Moritz 
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Radcliffe,  Percy  Alexander  Hurst 
Young,  John  Cameron 
Adie,  Joseph  Rosamond 
Arnold,  Frank  Arthur 
Bate,  John  Brabant 
Bennetts,  Harold  Graves 
Carter,  Robert  Markham 
Chisholm,  James  Alexander 
Clements,  Robert  William 
Dundas,  James 
Faichnie,  Norman 
ieffreys,  Herbert  Castelman 
Mackenzie,  Donald  Francis 

Sampey,ASexander  William 

Smithson,  Arthur  Ernest 
Taylor,  Joseph  van  Someron 
Taylor,  William  Irwin 
Tynan,  Edward  Joseph 
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Watson,  Cecil  l'rancis 
Willcocks,  Roger  Durant 
Williamson,  George  Alexander 


Allan,  Alexander  Smith 
Allwood,  James  Aldred 
Bond,  Ashton 
Branch,  Stanley 
Collinson,  Walter  Julius 
Davey,  John  Bernard 
Donaldson,  Anson  Scott 
Fell,  Matthew  Henry  Gregson 
Gann,  Thomas  William  Francis 
Graham,  James  Drummond 
Iliscock,  Robert  Carroll 
Keane,  Joseph  Gerald 
Kennan,  Richard  Henry 
Kenrick,  William  Hamilton 
Le  Fanu,  George  Ernest  Hugh 
Mackey,  Charles 
Maddox,  Ralph  Henry 
McCarthy,  John  McDonald 
Raikes,  Cuthbert  Taunton 
Ryan,  Joseph  Charles 
Vallance,  Hugh 


Caverhill,  Austin  Mack 
(  rawford,  Gilbert  Stewart 
Dalai,  Kaikhusroo  Kustomji 
Dansey-- Browning,  George 
Davidson,  James 
Dickson,  John  Rhodes 
Dowdall,  Arthur  Melville 
Glover,  Henry  Joseph 
Greaves,  Francis  Wood 
Goodbody,  Cecil  Maurice 
Harrison,  James  Herbert  Hugh 
Joshi,  Lemuel  Lucas 
Le  Fanu,  Cecil  Vivian 
Luethgen,  Carl  Wilhelm  Ludwig 

Mama,  Jamshed  Byramji 
McCay,  Frederick  William 
McLellan,  Samuel  Wilson 
1  earce,  Charles  Ross 


Date  of 
Diploma 

1908  Scboorel,  Alexander  Frederik 
1908  Smith,  John  Macgregor 
1908  Stewart,  George  Edward 
1908  Tate,  Gerald  William 

1908  Whyte,  Robert 

1909  Abercrombie,  Rudolph  George 
1909  Allin,  John  Richard  Percy 
1909  Armstrong,  Edwaid  Randolph 
1909  Barrow,  Harold  Percy  Waller 
1909  Beatty,  Guy 

1909  Carr- White,  Percy 
1909  Chevallier,  Claude  Lionel 
1909  Clark,  William  Scott 
1909  Cope,  Ricardo 
1909  Fleming,  William 
1909  Hanschell,  Hother  McCormick 
1909  Hayward,  William  Davey 
1909  Henry,  Sydney  Alexander 
1900  Innes,  Francis  Alexander 
1909  Jackson,  Arthur  F'rame 
1909  Kaka,  Sorabji  Manekji 
1909  McCabe-Dallas  Alfred  Alexander 
Donald 

1909  Meldrum,  William  Percy 
1909  Murphy,  John  Cullinan 
1909  Samuel,  Mysore  Gnananandaraju 
1909  Shroff,  Kawasjee  Byramjee 
1909  Thornely,  Michael  Harris 
1909  Turkhud,  Violet  Ackrovd 
1909  Webb,  W7illiam  Spinks 

1909  Yen,  Fu-Chun 

1910  Dowden,  Richard 

1910  James,  William  Robert  Wallace 
1910  Korke,  Vishnu  Tatvaji 
1910  Macfie,  John  Wm."  Scott 
1910  Munuk,  Mack  W’alter 
1910  Nanavati,  Kishavlal  Balabhai 
1 9 10  Nauss,  Ralph  Weltv 
1910  Sabastian,  Thiruchefvam 
tqto  Shaw,  flugh  Thomas 
1910  Souza,  Antonio  Bernardo  de 
1910  White,  Maurice  Forbes 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  January  1,  i9°/> 
by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
is  the  second  number  of  the  fourth  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  5!9 
quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports  —that 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  in  its  laboratories  at  the  University  of  Liverpoo 
and  at  Runcorn.  In  addition,  however,  to  School  work,  original 
articles  from  outside  on  any  subject  connected  with  Tropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover) ;  so  that,  in  all  probability,  not  less  than  four 
numbers  of  the  Annals  will  be  issued  annually.  Each  number  wi 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated. 


HOWARDS  &  SONS 


In  addition  to  the  Salts  of  Quinine  more  commonly  used, 
manufacture  the  following  Soluble  Salts  : 


Per-'tMitagrft  of  the  Solubility  In 

Al'calold  in  the  Salt  Coin  Water 


Quinine  Bihydrochior  -  72-o  V. 

Recommended  by  mecJfoal  men  with  *fic ei»t  oxpovionc©  trt  the 
Tropics  «•  THE  BEST  QUININE  SALT  for  admin lotratioo 
whon  febrile  lymplomi  ar»  pro  port*. 


Quinine  Bihydrobrom  -  60  0  % 

Quinine  Lactate  -  7^'2  % 

Quinine  Hydrochlorosulph  -  -  74’3  % 

N.B.-  Compare  with  Quinine  Sulph.  -  *  73'5  •*» 
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HOWARDS’  QUININE  TABLETS  are  noted  not  only  for  the  Purity  of  the 

Salts  contained,  but  also  for  their  extremely  accurate  dosage™  This  is  on 
important  detail  too  often  neglected,  os  experiments  will  prove. 
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It  Medical  Directory 

thoroughly  Revised  and  Greatly  Enlarged 
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Part  IV 

Issued  in  September 

Medical 
Institutions 

Containing  Hospitals 
and  Dispensaries,  Medi¬ 
cal  Colleges  and 
Schools,  Medical  Libra¬ 
ries,  Lunatic  and  Leper 
Asylums,  Sanitaria*, 
etc.,  etc. 


RF- MODEL  LED 

Part  I 

Issued  in  March  \ 


Practitioners 

Containing  names  of 
all  qualified  doctors, 
Indiau  and  Foreign, 
Official  and  Private, 
practising  iu  India, 
Burma  and  Ceylon, 
with  particulars  of  their 
professional  qualifica¬ 
tions,  medical  college 
or  school,  year  of 
graduation,  literary 
work,  speciality,  resi¬ 
dence,  etc. 


Part  II 

Issued  in  May 

Officers  in  the  Indian 
Medical  Service 

including  Officers  in 
the  Royal  Army  Med¬ 
ical  Corps  and  Indian 
subordinate  Medical 
Department,  their 
names,  ranks,  pro¬ 
fessional  qualifications, 
literary  work,  etc. 


Part  III 
Issued  in  jfnly 

Medical  Trades 

Comprising  Chemists, 
Druggists,  Opticians, 
Dentists,  and  Dealers 
in  Instruments  and 
othermedical  requisites. 

ALSO 

List  of  Foreign  Mer¬ 
chants  and  Manufur- 
turers,  iu  the  Medical 
line  and  their  Indian 
Agents  :  List  of 

Medical  Periodicals 
published  in  India  and 
other  countries. 


A  trustworthy  work  of 


Reference,  invaluable  fee  mfofinatio  concerning;  anybody  or 
anything  in  the  world  of  Medicine 

M  »«  -W-*  *  -»***■ 

Publishers:  ‘PRACTICAL  MEDICINE,  DELHI,  (INDI 


CONTENTS 
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Darling,  S.  T.  Factors  in  the  Transmission  and  Prevention  of  Malaria 

in  the  Panama  Canal  Zone . 

Ross,  Ron alu  ;  and  Williams,  C.  !,.  Preliminary  Experiments  on  the 
F.llect  of  Cold  on  various  Diseases  in  Small  Animal* 

Boyce,  RtmiaT.  "Makurip  I’n-rcniiiui  m  Jamaica  . 
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cytozoon,  L.  bvfitt,  Parasitic  in  the  Red  Grouse,  Lappm  srumur  ... 
Ross.  Ronald;  and  Thomson,  David.  A  Case  of  Sleepip;  Sickiw« 
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NOTICE 

Subscription:  £i  as.  fid.  per  volume,  post  free,  payable  «» 
advance  to  the  Secretary,  Liverpool  School  of  Tropical  Medici 
B  io  Exchange  Buildings,  Liverpool.  Separate  copies  of  *his 
number,  ?s.  6d.  each.  Correspondence  concerning  advertisc*n«nts 
should  also  be  addressed  to  the  Secretary. 

Articles  for  Publication  are  accepted,  if  found  suitable,  from  *** 
source.  They  should,  if  possible,  be  typewritten;  and  unless  t** 
contrary  is  stated,  will  be  understood  to  be  offered  alone  t o  ^ 
Annals.  1  hey  should  always  be  addressed  to  the  Editor,  AnO*^01 
Tropical  Medicine  and  Parasitology,  The  University,  Liverpool-  li 
rejected,  the  article  will  be  returned  as  soon  as  possible  by  register*1 
post  to  the  address  given  by  the  author.  If  it  is  accepted,  the  *** 
'V1  ,be  notlfied  tc>  him  and  the  article  published,  if  possible,  *** 
forthcoming  number.  The  author  is  entitled  to  receive,  free  °f 
c  large,  fifty  reprints  of  his  work  on  its  publication,  provided  *** 
he  asks  for  then,  when  he  sends  his  paper.  Additional  cop,**'  ,f 
required,  will  be  supplied  at  cost  price. 
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NOTICE 


The  following  courses  of  instruction  will  be  given  by  the 
Liverpool  School  ot  Tropical  Medicine  during  1911  : — 

Full  Course  begins  6  January.  Short  Course  begins  1  June. 
Diploma  Examination,  3  April.  Certificate  Examination,  29  June. 
Full  Course  begins  15  September. 

Diploma  Examination,  n  December. 

The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  Examination  to  all  students  who  have  taken  out  this  full 
course. 

Fee  for  the  full  Course  of  Instruction— Thirteen  Guineas. 

Fee  for  the  Diploma  Examination — Five  Guineas. 

Fee  for  the  Short  Course  of  Instruction— Four  Guineas. 

Fee  for  the  use  of  a  School  microscope  during  one  term  Ten 

shillings  and  sixpence. 

For  prospectus  and  further  information,  application  should  be  made 
to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 


The  following  have  obtained  the  Diploma  in  Tropical  Medicine  of 
the  University  of  Liverpool : 


Diploma  in 


Date  of 
Diploma 

1904  Augustine,  Henry  Joshua 
1904  Bennett,  Arthur  King 
1904  Bruce,  William  Janies 
1904  Byrne,  John  Scott 
1904  Clayton,  Thomas  Morrison 
1904  Dalzicl,  John  McEwen 
1904  Dee,  Peter 

1904  Greenidge,  Oliver  Campbell 
1904  Hehir,  Patrick 
1904  Khan,  Saiduzzafor 
1904  Laurie,  Robert 
1904  Maclurkin,  Alfred  Robert 
1904  McConnell,  Robert  Ernest 
1904  Nicholson,  James  Edward 
1904  Philipson,  Nicholas 
1904  Sharman,  Eric  Harding 
1904  Thomson,  Frank  Wyville 

1904  Walker,  George  Francis  Clegg 

1905  Anderson,  Catherine  hlmslie 
1905  Brown,  Alexander 

1905  Caldwell,  Thomas  Cathcart 
1905  Critien,  Attilio 
1905  Hooton,  Alfred 
1905  Hudson,  Charles  l  ilson 
1905  lllington,  Edmund  Moritz 
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100?  Macfarlane,  Robert  Maxwell 

Maddock,  Edward  Cecil  Gordon 
Moore,  lames  Jackson 
Nightingale,  Samuel  Shore 
Radcliffe,  Percy  Alexander  Hurst 
Young,  John  Cameron 
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Adie,  Joseph  Rosamond 
Arnold,  Frank  Arthur 
Bate,  John  Brabant 
Bennetts,  Harold  Graves 
Carter,  Robert  Markham 
Chisholm,  James  Alexander 
Clements,  Robert  William 
Dundas,  James 
Faichnie,  Norman 
leffreys,  Herbert  Castelman 
Mackenzie,  Donald  Francis 
Pailthorpe,  Mary  Elizabeth 
Palmer,  Harold  lhornburj 
Pearse,  Albert  .  . 

Sampey,  Alexander  W  llliam 
Smithson,  Arthur  Ernest 
Taylor,  Joseph  van  Someron 
Taylor,  William  Irwin 
Tynan,  Edward  Joseph 
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Watson,  Cecil  Francis 
Willcocks,  Roger  Durant 
Williamson,  George  Alexander 


Allan,  Alexander  Smith 
Allwood,  James  Aldred 
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Collin  son,  Walter  Julius 
Davey,  John  Bernard 
Donaldson,  Anson  Scott 
Fell,  Matthew  Henry  Gregson 
Gann,  Thomas  William  Francis 
Graham,  James  Drummond 
Hiscock,  Robert  Carroll 
Keane,  Joseph  Gerald 
Kennan,  Richard  Henry 
Kenrick,  William  Hamilton 
Le  Fanu,  George  Ernest  Hugh 
Mackey,  Charles 
Maddox,  Ralph  Henry 
McCarthy,  John  McDonald 
Raikes,  Cuthbert  Taunton 
Kyan,  Joseph  Charles 
Vallance,  Hugh 


cavernut,  Austin  Mack 
Crawford,  Gilbert  Stewart 
Dalai,  Kaikhusroo  Kustomji 
Dansey-Browning,  George 
Davidson,  James 
Dickson,  John  Rhodes 
Dowdall,  Arthur  Melville 
Glover,  Henry  Joseph 
Greaves,  Francis  Wood 
Goodbody,  Cecil  Maurice 
Harrison,  James  Herbert  Hugh 
Joshi,  Lemuel  Lucas 
,  Cecil  Vivian 

Luethgen,  Carl  Wilhelm  Ludwig 

Mama,  jamshed  Byramji 
McCay,  Frederick  William 
McLellan  Samuel  Wilson 
'  earce>  Charles  Ross 

Alexander  Frederik 
bmitlj,  John  Macgregor 
Stewart,  George  Edward 

Whv,  Ge«aLd  w>»iain 
W  hyte,  Robert 


AlHn  John  R i chard  Re rcy 
Armstrong,  Edward  Randol 


Date  of 
Diploma 

1909  Barrow,  Harold  Percy  Wallet 
1909  Beatty,  Guy 
1909  Carr-White,  Percy 
1909  Chevallier,  Claude  Lionel 
1909  Clark,  William  Scott 
1909  Cope,  Ricardo 
1009  Fleming,  William 
1909  Hanschell,  Hother  McConuick 
1909  Hayward,  William  Davey 
1 009  Henry,  Sydney  Alexander 
1909  Innes.  Francis  Alexander 
1909  Jackson,  Arthur  Frame 
1909  Kaka,  Sorabji  Manekji 
1909  McCabe- Dallas.  Alfred  Alexander 
Donald 

1909  Meldrum.  William  Percy 
1909  Murphy,  John  Cullinan 
1909  Samuel,  Mysore  Gnananandaraju 
1909  Shroff,  Kawasjee  Bjrainjee 
1909  Thornely,  Michael  Harris 
1909  Turkhud,  Violet  Ackroyd 
1909  Webb,  William  Spinks 

1909  Yen,  Fu-Chun 

1910  Brabazon,  Edward 
1910  Castellino,  Louis 

1910  Caulcrick,  James  Akiladc 
1910  Dowden,  Richard 
into  Haigh,  William  Edwin 
into  Hamilton,  Henry  Fleming 
1910  Hefferman,  William  St.  Michael 
1910  Hipwell,  Abrabam 
1910  Homer,  Jonathan 
1910  Houston.  William  Mitchell 
1910  James,  William  Robert  Wallace 
1910  Johnstone.  David  Patrick 
1910  Korke,  Vishnu  Tatyaji 
1910  Macdonald.  Angus  Graham 
1910  Macfie,  John  Win.  Scott 
into  Manuk,  Mack  Walter 
1910  Murison.  Cecil  Charles 
1910  Xanavati,  Kishavla)  Balabbai 
1910  Nauss,  Ralph  Welty 
1910  Oakley.  Philip  Douglas 
1910  Pratt,  Ishmael  Charles 
1910  Sahastian,  Thiruchelvam 
into  Shaw,  Hugh  Thomas 
1910  Sieger.  Edward  Louis 
1910  Sousa,  Pascal  John  de 
1910  Souza,  Antonio  Bernardo  tie 
1910  Waterhouse.  John  Howard 
1910  White,  Maurice  Forbes 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  January  1,  I9°7> 
by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
is  the  third  number  of  the  fourth  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 
quarto  or  octavo  pages  and  95  plates  and  figures,  weie  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports— that 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  an  0  *  1 
scientific  work  done  in  its  laboratories  at  the  University  o  P 

and  at  Runcorn.  In  addition,  however,  to  School  work  origma 
articles  from  outside  on  any  subject  connected  with  Tropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover);  so  that,  in  all  probability,  not  less  than  four 
numbers  of  the  Annals  will  be  issued  annually.  Each  numbei  wi 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated. 
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HOWARDS  &  SONS 


In  addition  to  the  Salts  of  Quinine  more  commonly  used, 
manufacture  the  following  Soluble  Salts  : 


Percentage  of  tbe 

#  #  ^  Alkaloid  In  the  Salt 

Quinine  Bihydrochlor  72^0  % 

Raeommandad  by  madloal  man  with  apaolal  axperience  In  the 
Trepio*  u  TM«  RI«T  QUININE  ®ACT  for  Administration 


whon  fobrllo  oymptomo  art  prwent. 

Quinine  Bihydrobrom  -  -  -  6o'0  % 

Quinine  Lactate  -  78  2  % 

Quinine  Hydrochlorosulph  -  -  74  3  % 

N.B.— Compare  with  Quinine  Suiph.  -  -  73-5  % 


Solubility  In 
Cold  Water 

I 


7 

10 

2 

800 


HOWARDS’  QUININE  TABLETS  are  noted  not  only  for  the  Purity  of  the 
Salts  contained,  but  also  for  their  Extremely  accurate  do$ago,  This  is  an 
important  detail  too  often  neglected,  a*  experiments  will  prove. 

STRATFORD,  LONDON,  E, 


IMPORTANT  ANNOUNCEMENT.  NOW  READY— Parts  I  and  II  of 

-  Medical  Directory 

OF  INDIA,  BURMA,  AND  CEYLON 

TO  ADVERTISERS,  AS  GOOD  AS  A  REPRESENTATIVE 

List  of  Qualified  Medical  Practitioners 

and  the  year  of  graduation,  Medical  Works  or  Contentions  to  tbe  Press,  sPec«al,t>,  residence, 

addre«t,  etc.,  etc. 

. . 


PART  I 

Private  Practitioners  (including  qualified 
Dentists,  Opticians,  etc.)  retired  Govern¬ 
ment  Officials,  Doctors  serving  in  Native 
States,  Railway  Companies,  Tea  Gardens, 
etc.,  Medical  Missionaries.  CiviJ  Assistant 
Surgeons  and  Sub-Aa6istant  Surgeona  in 
Government  service,  etc. 


PART  III 

Commissioned  Officers  of  the  Indian 
Medical  Service,  including  those  in  Ci  1 
employ.  Royal  Army  Medical  Corps  and 
Warrant  Officers  of  the  Indian  Subordinate 
Medical  Department  (Military  Assistant 
Surgeons  and  Sub-Assistant  Surgeons). 


Priu  10 s.  6 d.  each  fart,  15J.  both  E DICIN E^DE L HI,  (INDIA) 

price  by  tbe  Publishers :  ‘  PRACTICAL  ME! OICIN  t,  ■ u &  » 

LONDON  10ENT8:  Bnilli.r.,  Tindall  &  Cox,  8,  Henrietta  Street,  W. 


CONTENTS 


Ross,  Major  Ronald  ;  and  Thomson,  David,  Some  Emimerative 

Studies  on  Malarial  Fever  . • 

Ross,  Major  R. ;  Thomson.  D. ;  and  Simpson.  GC.  F  A  Case 
of  Blackwater  Fever  followed  by  a  Peculiar  Relapse  without 
Haemoglobinuria  or  Detectable  Plnsinmlia 
Simpson.  G.  C.  E.  On  Haemoglobin  Metabolism  in  Malarial  Fever 
Korke,  Vishnu  T.  Some  Observations  on  a  Case  of  Sleeping 
Sickness:  Coagulation  Time  of  Blood,  Albumoses,  Choline. 
Cerebral  Sections  ...  •••  ••• 

Surveyor,  Dr.  N.  F.  Some  ObservationN  on  Malaria  in  Relation 
to  Splenic  Enlargement  and  the  Treatment  of  the  Crescentic 
Stage  ...  . . 


Stephens,  J.  W.  W. ;  and  Fantham,  H.  B.  On  the  Peculiar 
Morphology  of  a  Trypanosome  from  n  Case  of  Sleeping  Sick¬ 
ness  and  the  Possibility  of  its  being  a  New  Species 
(T.  rhodesien&e) 


Yorki:,  Warrington.  On  the  Pathogenicity  of  .a  Trypanosome 
(7‘.  rhodesicuse,  Stephens  and  Fantham)  from  a  Case  of 

Sleeping  Sickness  Contracted  in  Rhodesia 

Nlwstead,  Robert.  On  Three  New  Species  of  the  Genus  Glossina, 
together  with  a  Description  of  the  hitherto  Unknown  Male  of 

Glossitm  grossa,  Bigot  .  .  • 

Xewstead,  R.  ;  and  Carter,  H.  F.  Descriptions  of  a  New  Genus 
and  Three  New  Species  of  Anopheline  Mosquitos 
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307 
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343 


351 
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NOTICE 

Subscription:  £1  2s.  od.  per  volume,  post  free,  payable  i! 
advance  to  the  Secretary,  Liverpool  School  of  Tropical  Medicine 
B  10  Exchange  Buildings,  Liverpool.  Separate  copies  of  th** 
number.  7s.  6d.  each.  Correspondence  concerning  advertisements 
should  also  be  addressed  to  the  Secretary. 

Articles  for  Publication  are  accepted,  if  found  suitable,  from  a*»> 
source.  They  should,  if  possible,  be  typewritten;  and  unless  tb* 
contrary  is  stated,  will  be  understood  to  be  offered  alone  to  the** 
Annals.  They  should  always  be  addressed  to  the  Editor,  Annals01 
Tropical  Medicine  and  Parasitology,  The  University,  Liverpool.  1 ' 
rejected,  the  article  will  be  returned  as  soon  as  possible  by  register^0 
post  to  the  address  given  by  the  author.  If  it  is  a<xepted,  the  fa‘:' 
will  be  notified  to  him  and  the  article  published,  if  possible,  in  tbc 
forthcoming  number.  The  author  is  entitled  to  receive,  free  oi 
charge,  fifty  reprints  of  his  work  on  its  publication,  provided  tb*1 
he  asks  for  them  when  he  sends  his  paper..  Additional  copies.  *' 
required,  will  be  supplied  at  cost  price. 
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NOTICE 

The  following  courses  o f  instruction  will  be  given  by  the 
Liverpool  School  ol  Tropical  Medicine  during  1911  : — 

Full  Course  begins  6  January.  Short  Course  begins  1  June. 

unination,  3  April.  Certificate  Examination,  29  June. 

Full  Course  begins  15  September. 

Diploma  Examination,  11  December. 

The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  Examination  to  all  students  who  have  taken  out  this  full 
course. 

1  ee  tor  the  full  Course  of  Instruction — Thirteen  Guineas. 

l  ee  for  the  Diploma  Examination — Five  Guineas. 

1  ee  for  the  Short  Course  of  Instruction — Four  Guineas. 

l  ee  for  the  use  of  a  School  microscope  during  one  term — Ten 
shillings  and  sixpence. 

For  prospectus  and  further  information,  application  should  be  made 
to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 


I  he  following  have  obtained  the  Diploma  in  Tropical  Medicine  of 
the  University  of  Liverpool  :  — 


Diploma  in  Tropical  Medicine 


Date  of 
Diploma 

1904  Augustine,  Jlenry  Joshua 
1904  Bennett,  Arthur  King 
*9°4  Hruce,  William  James 
*9°4  Byrne,  John  Scott 
>9°4  Clayton,  Thomas  Morrison 
1904  Dalziel,  John  McEwen 
•904  Dee,  Peter 

>9°4  Greenidge,  Oliver  Campbell 
1904  Helnr,  Patrick 
1904  Khan,  Saiduzzafor 
1904  Laurie,  Robert 
1904  Maclurkin,  Alfred  Robert 
•904  McConnell,  Robert  Ernest 
1904  Nicholson,  James  Edward 
1904  Philipson,  Nicholas 
1904  Sharman,  Eric  Harding 

1904  Thomson,  Frank  Wyville 
*9°4  Walker,  George  Francis  Clegg 

1905  Anderson,  Catherine  Elmslie 
1905  Rrown,  Alexander 

1905  Caldwell,  Thomas  Cathcart 
1905  Critien,  Attilio 
1905  Hooton,  Alfred 
1905  Hudson,  Charles  Tilson 
>905  Tllington,  Edmund  Moritz 


Date  of 
Diploma 

1905  Macfarlane,  Robert  Maxwell 
1905  Maddock,  Edward  Cecil  Gordon 
1905  Moore,  James  Jackson 
1905  Nightingale,  Samuel  Shore 
1905  Radcliffe,  Percy  Alexander  Hurst 

1905  Young,  John  Cameron 

1906  Adie,  Joseph  Rosamond 
1906  Arnold,  Frank  Arthur 
iqo6  Rate,  John  Hrabant 
1906  Bennetts,  Harold  Graves 
1906  Carter,  Robert  Markham 
1906  Chisholm,  James  Alexander 
1906  Clements,  Robert  William 
1906  Dundas,  James 

1906  Faichnie,  Norman 
1906  Jeffreys,  Herbert  Castelman 
1906  Mackenzie,  Donald  Francis 
1906  Pailthorpe,  Mary  Elizabeth 
1906  Palmer,  Harold  Thornbury 
tgo6  Pearse,  Albert 
1906  Sampey,  Alexander  William 
1906  Smithson,  Arthur  Ernest 
1906  Taylor,  Joseph  van  Someron 
1906  Taylor,  William  Irwin 
1906  Tynan,  Edward  Joseph 


Date  of 
Diploma 

1906  Watson,  Cecil  Francis 
1906  Willcocks,  Roger  Durant 

1906  Williamson,  George  Alexander 

1907  Allan,  Alexander  Smith 
1907  Allwood,  James  Aldred 
1907  Bond,  Ashton 

1907  Branch,  Stanley 

1907  Collinson,  Walter  Julius 

1907  Davey,  John  Bernard 

1907  Donaldson,  Anson  Scott 

1907  Fell,  Matthew  Henry  Gregson 

1907  Gann,  Thomas  William  Francis 

1907  Graham,  James  Drummond 

1907  Iliscock,  Robert  Carroll 

1907  Keane,  Joseph  Gerald 

1907  Kennan,  Richard  Henry 

1907  Kenrick,  William  Hamilton 

1907  Le  Fanu,  George  Ernest  Hugh 

1907  Mackey,  Charles 

1907  Maddox,  Ralph  Henry 

1907  McCarthy,  John  McDonald 

1907  Raikes,  Cuthbert  Taunton 

1907  Ryan,  Joseph  Charles 

1907  Vallance,  Hugh 

1908  Caverhill,  Austin  Mack 
1908  Crawford,  Gilbert  Stewart 
1908  Dalai,  Kaikhusroo  Kustomji 
1908  Dansey-Browning,  George 
1908  Davidson,  James 

1908  Dickson,  John  Rhodes 
1908  Dowdall,  Arthur  Melville 
1908  Glover,  Henry  Joseph 
190S  Greaves,  Francis  Wood 
1908  Goodbody,  Cecil  Maurice 
1908  Harrison,  James  Herbert  Hugh 
1908  Joshi,  Lemuel  Lucas 
1908  Le  Fanu,  Cecil  Vivian 
1908  Luetbgen,  Carl  Wilhelm  Ludwig 
1908  Mama,  Jamshed  Byramji 
1908  McCay,  Frederick  William 
1908  McLellan,  Samuel  Wilson 
1908  Pearce,  Charles  Ross 
1908  Schoorel,  Alexander  Frederik 
1908  Smith,  John  Macgrcgor 
1908  Stewart,  George  Edward 
1908  Tate,  Gerald  William 

1908  \\  hyte,  Robert 

1909  Abercrombie,  Rudolph  George 
1909  Allin,  John  Richard  Percy 

•  909  Armstrong,  Edward  Randolph 


Date  of 
Diploma 

1909  Barrow,  Harold  Percy  Waller 
1909  Beattv,  Guy 
1909  Carr -White,  Percy 
1909  Chevalher,  Claude  Lionel 
1909  Clark,  William  Scott 
1909  Cope,  Ricardo 
1909  Fleming,  William 
1909  Hamcbell,  Hotbcr  McCormick 
1909  Hayward,  William  Davey 
1909  Henry,  Sydney  Alexander 
tqoo  Innes,  Francis  Alexander 
1909  Jackson,  Arthur  Frame 
1909  Kaka,  Sorabji  Manekji 
1909  McCabe-Dalla*,  Alfred  Alexander 
Donald 

1909  Meldrum,  William  Percy 
1909  Murphy,  John  Cullinan 
1909  Samuel,  Mysore  Gnananandaraju 
1909  Shroff,  Kawasjee  Byramiee 
1909  Thornely,  Michael  Harris 
1909  Turkhud,  Violet  Ackroyd 
1909  Webb,  William  Spinks 

1909  Yen,  Fu-Chun 

1910  Brabazon,  Edward 
1910  Castellino,  Louis 

1910  Caulcrick,  James  Akilade 

1910  Dowden.  Richard 

1910  Haigh,  William  Edwin 

1910  Hamilton,  Henry  Fleming 

[910  HcfTerman,  William  St.  Michael 

1910  Hipwell,  Abraham 

1910  Homer,  Jonathan 

1910  Houston,  William  Mitchell 

1910  James,  William  Robert  Wallace 

1910  Johnstone,  David  Patrick 

1910  Korke,  Vishnu  Tatyaji 

1910  Macdonald,  Angus  Graham 

iqio  Macfie,  John  Wm.  Scott 

1910  Manuk,  Mack  Walter 

1910  Murison,  Cecil  ^harles 

1910  Nanavati,  Kishavlal  Balabhai 

1910  Nauss,  Ralph  Welty 

1910  Oakley,  Philip  Douglas 

1910  Pratt,  Ishmael  Charles 

1910  Sabastian,  Thiruclielvam 

iq  10  Sbaw,  Hugh  Thomas 

1910  Sieger,  Edward  Louis 

1910  Sousa,  Pascal  John  de 

1910  Souza,  Antonio  Bernardo  de 

1910  Waterhouse.  John  Howard 

1910  White,  Maunce  Forbes 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  January  1,  1 9<-)/7» 
by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
is  the  fourth  number  of  the  fourth  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 
quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports  that 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  in  its  laboratories  at  the  Univeisity  of  Liverpoo 
and  at  Runcorn.  In  addition,  however,  to  School  work,  ongma 
articles  from  outside  on  any  subject  connected  with  Tropica 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover);  so  that,  in  all  probability,  not  less  than  four 
numbers  of  the  Annals  will  be  issued  annually.  Each  number  wi 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated. 
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In  addition  to  the  Salts  of  Quinine  more  commonly  used, 
manufacture  the  following  Soluble  Salts  : 


Percentage  of  the  Solubility  in 

Alkaloid  in  the  Salt  Cold  Water 


Quinine  Bihydrochlor  -  72'0  ° »  i 


Recommended  by  medical  man  with  special  experience  in  the 
Tropica  03  THE  BEST  QUININE  SALT  for  administration 
when  fabrile  symptoms  are  present. 


Quinine  Bihydrobrom 
Quinine  Lactate 
Quinine  Hydrochlorosulph 

N.B.— Compare  with  Quinine  Sulph. 
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HOWARDS’  QUININE  TABLETS  arc  noted  not  only  for  the  Purity  of  the 
Salts  contained,  but  also  for  their  extremely  accurate  dosage.  Tins  is  an 
important  detail  too  often  neglected,  as  experiments  will  prove. 
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NOTICE 

Subscription;  £1  2s.  6d.  per  volume,  post  free,  payable  in 
advance  to  the  Secretary,  Liverpool  School  of  Tropical  Medicine. 
B  xo  Exchange  Buildings,  Liverpool.  Separate  copies  of  this 
number,  7s.  6d.  each.  Correspondence  concerning  advertisements 
hould  also.be  addressed  to  the  Secretary. 

Articles  for  Publication  are  accepted,  if  found  suitable,  from  any 
source.  They  should,  if  possible,  be  typewritten;  and  unless  the 
contrary  is  stated,  will  be  understood  to  be  offered  alone  to  these 
Annals.  They  should  always  be  addressed  to  the  Editor,  Annals  of 
Tropical  Medicine  and  Parasitology,  The  University,  Liverpool.  It 
rejected,  the  article  will  be  returned  as  soon  as  possible  by  registered 
post  to  the  address  given  by  the  author.  If  it  is  accepted,  the  fact 
will  be  notified  to  him  and  the  article  published,  if  possible,  in  the 
forthcoming  number.  The  author  is  entitled  to  receive,  free  of 
charge,  fifty  reprints  of  his  work  on  its  publication,  provided  that 
he  asks  for  them  when  he  sends  his  paper.  Additional  copies,  if 
required,  will  be  supplied  at  cost  price. 
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